The possible control of greenhouse mealybugs through the use of certain of the new organic insecticides in combination with suitable wetting agents. by Blalock, John Robarts
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1949 
The possible control of greenhouse mealybugs through the use of 
certain of the new organic insecticides in combination with 
suitable wetting agents. 
John Robarts Blalock 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Blalock, John Robarts, "The possible control of greenhouse mealybugs through the use of certain of the 
new organic insecticides in combination with suitable wetting agents." (1949). Masters Theses 1911 - 
February 2014. 3115. 
Retrieved from https://scholarworks.umass.edu/theses/3115 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 
1 
UMASS/AMHERST * 
II1! 1111 lllllllllflllllll 111 I 
312066 0319 1729 4 
FIVE COLLEGE 
DEPOSITORY h is:.* 
'HD I •Oi;:;i)U 1. OON'I HO! 01' GBHENHOU81S MEALYBUGS 
'! HBOUGH '! HI."' Us] OF CURTAIN OF THE 
•'I < i U ORGANIC IN81 OTIOIDTS IN COMBINATION 
Wl'i I UUITA! ! 1 WTTTING AGENTS 
.. . ■■■ O'CUliliJjcT.UU 





The Possible Control of Greenhouse Mealybugs through the 
Use of Certain of the faew Organic Insecticides in Combin¬ 
ation with Suitable Wetting Agents* 
John R* Blalock 
Thesis submitted in partial fulfillment of the requirements 
for the degree of Master of Science 
University of Massachusetts 
194S 
Table of Contents 
Acknowledgments 
A. Introduction* - 1 
B* Literature Review. -*— 3 
1* Taxonomy*--3 
2. Field Key*-5 
3. Description. -6 
4* Life History.---6 
5* Distribution.-- 8 
6. Hosts. -10 
7* Injury.   12 
8. Control*-13 
a* Chemical Control. -13 
1* Contact Sprays.-  14 
2. Aerosol Sprays.-21 
3. Fumigants.-  22 
b* Biological Control.  27 
c. Mechanical Control.-31 
d. Physical Control.-32 
C. Materials Used.-34 
1. Insect and Host. -34 
2. Wetting Agents.-   36 
3. Insecticides.-— 41 
4. Other Equipment. -45 
D. Preliminary Tests.-46 
1. Procedure. -46 
a* Wetting Test Number I. 46 
b. Wetting Test Humber II. -51 
2. Discussion of Data. -53 
3. Summary.-54 
E. Insecticidal Tests.-55 
1. Procedure. -5  
2. Discussion of Data. -59 
a. Tests with 25 Per Cent DDT Emulsion-59 
b. Tests with 50 Per Cent DDT Wettable 
Powder.-64 
c. Tests with Parathion.-68 
d. Tests with 40 Per Cent Chlordan Wettable 
Powder.-69 
e. Tests with 40 Per Cent Chlordan Emulsion 72 
f. Tests with 25 Per Cent Toxaphene Emul¬ 
sion. -  73 
3. Injury.-74 
a. Injury from DDT Emulsion.   74 
b. Injury from DDT Wettable Powder Plus A 
Wetting Agent. --75 
c* Injury from Parathion. -76 
d. Injury from Chlordan Wettable Powder Plus 
A Wetting Agent. —-76 
e. Injury from Chlordan Emulsion.-77 
f. Injury from Toxaphene*-77 
4. Summary. --78 
F. Conclusions.-   79 
G. Literature Cited.-81 
Charts and Plates 
Acknowledgments 
The writer wishes to acknowledge with much ap- 
preciation the advice and encouragement of Dr, Frank R. 
Shaw, without whose help this work would have been impos¬ 
sible. 
My sincere thanks are also extended to Dr, John 
F, Hanson through whose generosity spraying equipment was 
acquired; Professor A, I, Bourne, who provided greenhouse 
space; Dr, Harvey L, Sweetman, for his suggestions and aid; 
and all others who assisted in various ways. 
I am also indebted to Mr. Robert Coffin, who was 
responsible for all photography and Dr. C. F. W. Muesebeck, 
who identified the insects employed in this work. 
Introduction 
Mealybugs are ever present pests of many greenhouses, 
causing much damage both by sucking the sap and excreting a honey 
dew in which a sooty fungus grows. Older methods of control in 
most cases have proven to be only partial and inadequate. Recent 
chemical developments in the field of pest control have provided 
entomologists with new and potent insecticides. Various new methods 
of application have also been introduced. These advances have shown 
great promise in coping with many problems which heretofore have 
been very difficult; so it may be in the case of mealybug control. 
Several obstacles hamper attempts to formulate a completely 
satisfactory control. Among these may be listed the following: 
1. A waxy coating envelops the insect in the form of 
fine granules over the external surface of the body 
and prevents the pentration of insecticides after spray¬ 
ing. The amount of wax covering the body is less during 
the nymphal stage than during the adult stage. The pro¬ 
tection given the egg masses may vary with the species 
concerned. 
2. Often strengths of the insecticide necessary to kill 
the insect are injurious to the plant. 
3. The temperature and humidity at the time of spraying 
may affect both the percent kill of the insect and the 
amount of injury to the plant. 
It is held by many that an effective oliomioal oontrol 
can be devised if some method could bo found of penetrating the 
waxy coating of the insect. The purpose of this thesis is; first 
to test wetting agents now on the market for their ability to pen 
etrate the waxy coating; second, to find a possible combination 
of wetting agent plus insecticide which would be safe yet effec¬ 
tive against the pest in greenhouses. 
After selecting this problem a literature review was 
conducted which included the following: 
1. The control measures that have been recommended 
both in the past and at present. 
2. The pertinent literature dealing with the species 
to be worked with during the course of this thesis. 
3. A summary of the literature pertaining to insec¬ 
ticides and wetting agents employed in the work. 
The experimental work was carried out in the Fernald 
Hall greenhouses at the University of Massachusetts 
Literature Review 
Taxonomy 
Mealybugs are members of the order Homoptera; family 
Coocidae; subfamily Eriococcinae. The order Homoptera is char¬ 
acterized by mouthparts which are fitted for piercing and suck¬ 
ing; the beak arises from the hind part of the ventral side of 
the head; the metamorphosis is gradual, except in some highly 
specialized forms; the winged forms have four wings which are 
the same thickness throughout. 
The family Coccidae can usually be distinguished from 
other families by having one segmented tarsi; adult males with¬ 
out mouthparts and with two wings; females wingless, with the 
body scale, gall or grub-like in form, and clothed with wax. 
This waxy coating may be in the form of powder, large tufts, 
plates of a continuous layer, or a thin scale beneath which the 
insect lives. 
Eriococcinae are coccids having an anal ring bearing 
hairs, and without a caudal cleft or anal plates. Adult females 
are relatively short legged, and without waxy lamellae although 
they are more or less covered by a waxy or powdery secretion. 
In this paper the writer intends to concern himself with species 
of the general Phenacoccus and Pseudococcus. The generic char¬ 




a* Mouthparts present 
b. Abdominal spiracles wanting 
c. Body naked or covered with a waxy secretion 
d. Anal ring with six hairs 
e. Legs present 
f. Antennae composed of 7 - 8 segments 
g. Tarsal claws simple 
2* Phenacoccus 
a* Antenna with 9 segments 
b. Tarsal claws double 
c• The remainder of the characteristics are the 
same as listed for Pseudococcus* 
It was determined by Shaw (1938) that five species of 
the genera Pseudococcus and Phenacoccus are found on the campus 
of the University of Massachusetts. They include the following: 
1. Pseudocoecus citri (Risso) - citrus mealybug 
2. Pseudococcus adonidum Linneaus - long tailed mealy¬ 
bug 
3. Pseudo coccus nipae Maskell - coconut mealybug 
4. Pseudococcus maritimus Ehrhora - grape mealybug 
5. Phenacoccus gossypii (Townsend and Cockerell) - 
Mexican mealybug 
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Field Key (Amended) 
Basinger (1931) prepared the following key for identify¬ 
ing species in the field: 
1. Waxy secretion white. Body plainly longer than 
wide --2 
Waxy secretion cream colored. Body oval, and not 
much longer than wide. Wax arranged over the body 
in stout conical tufts-- Pseudo coccus nipae 
Maskell 
2. Caudal filaments short not more than 1/2 as long 
as the body-3 
Caudal filaments very long, usually as long or 
longer than the body --- Pseudococcus adoniaum L. 
3. Wax unevenly distributed over the dorsum so as to 
give the appearance of four longitudinal rows of 
darker impressed dots; the two medium rows being 
the most conspicuous -- Phenacoccus gossypii 
Towns, and Ckll. 
Wax evenly distributed over the dorsum or if un¬ 
even so arranged to form a median longitudinal 
strip-4 
4. Wax usually arranged to form a definite median 
dorsal strip. Lateral filament short tapering 
from base to tip. Caudal filament not more than 
l/4 the length of the body -- Pseudococcus 
citri Risso 
Wax distributed over the dorsum in a uniform thin 
white powdery coating. The lateral filaments 
short, slender and of more or less uniform thick¬ 
ness. The caudal filaments are from l/4 to 1/2 




Mealybugs are sinall wingless insects which are covered 
with a white or creamy wax. Extending laterally and posteriorly 
are elongated waxy filaments. Posterior filaments are usually 
slightly longer than the lateral ones, 
2.* citoi iaay be recognized by the median dorsal strip 
produced by the paucity of wax in this region and the orange color 
of the body. The posterior filaments are never more than 1/4 the 
length of the body, 
P. gossypii, on the other hand, usually has the wax ar¬ 
ranged dorsally so as to form 4 median rows; the two middle rows 
being the more prominent. The body is gray in color. 
P. maritimus has the wax evenly distributed on the back 
and the posterior filaments are from l/4 to 1/2 the length of the 
body. The body color may vary from gray to orange. 
P. adonidum is easily recognized by the long posterior 
filaments, which are always more than l/2 as long as the body. 
The body is yellow in color. 
P. nipae has a creamy colored wax in the form of stout 
conical tufts. Once settled it remains stationary. The body is 
an orange-yellow to amber color. 
Life History 
Most mealybugs are oviparous, the eggs being laid in a 
waxy sac secreted by the female. Some species, such as P. adoni- 
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dum L., are viviparous, giving birth to living young. Males 
have four moults before attaining maturity, while females have 
only three. Adult males are small two-winged creatures having 
two long caudal filaments and vestigial mouthparts, and are, 
therefore, very short lived. The life cycle appears to average 
from 6 to 8 weeks under greenhouse conditions. 
Pseudococcus citri Risso lays between 100 and 600 eggs, 
but the average is around 400. The oviposition lasts from 5 to 
23 days. The egg sac lies underneath the body of the female. 
The eggs hatch in about a week after the egg is oviposited. The 
newly hatched nymphs are very active, but remain under the floc- 
culent covering for several days. Davis (1896} reports the cocoons 
are formed when the males are about a third grown. Myers (1932) 
says the cocoon is formed about 10 days after the first moult. 
The female of this species has a complete life cycle of 45 1/2 
days, while males have a cycle approximating 41 days. 
Phenacoccus gossypii Towns, and Ckll. has a life his¬ 
tory similar to that of P. citri. The oviposition period lasts 
from 6 to 14 days, at which time 200 to 500 eggs are laid. The 
egg sac remains posterior to the female. The life cycle is some¬ 
what longer than that of P. citri, being 47 days for the female 
and 41 days for the male. 
Pseudococcus adonidum L. is viviparous, giving birth 
to living young under a thinly woven cottony mass. Here the 
larvae remain sheltered for a few days before beginning to feed. 
- 8 
The female may laviposit up to 200 young* The life cycle may average 
6 to 7 weeks* 
Pseudococcus maritimus Ehrh. may deposit from 400 to 600 
eggs in a loose cottony sac; the oviposition period lasting 7 to 15 
days* The length of the life cycle is approximately the same as 
that of 3?. citri* 
Pseudococcus nipae (Mask.) is viviparous and is about as 
prolific as Pseudococcus adonidum* Unlike the previous species, the 
coconut mealybug is stationary during the adult stage. 
There seems to be some discrepancy of opinion as to the oc¬ 
currence of parthenogenesis. Myers (1932) reported the rearing of 
three generations by parthenogenesis. In his work he was dealing 
with Pseudococcus citri Risso and Phenacoccus gossypii Towns, and 
Ckll. Basinger (1934), on the other hand, found in his experiences 
with Pseudococcu3 gahani Green and Phenacoccus gossypii Towns, and 
Ckll., the sex ratio to be .5; and his work indicates that at least 
in these two species mating is necessary before reproduction can oc¬ 
cur. James (1937) sumaarizes his work on the subject by saying that: 
"the male Pseudococeus is co-equal in importance with 
the female for the propagation of the species. Virgin 
females of P. citri, Risso (aerial and root forms), p. 
maritimus, Ehrh., P. gahani. Green, P. longispinus, 
Targ., and ]?• peregrinus. Green are incapable of re¬ 
producing offspring. No form of parthenogenesis oc¬ 
curs in these five species. Only fertilized eggs de¬ 
veloped." 
Distribution 
Although they are naturally warm climate pests, mealybugs 
are found world wide in greenhouses. In the United States these 
pests are found outdoors as far north as Virginia, New York 
and Massachusetts* Specimens may be taken out of doors on 
greenhouse plants and continue to deTrelop during the summer 
under such conditions# 
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Hosts 
Mealybugs attack not only citrus and greenhouse plants, 
hut also many kinds of garden vegetables in the south, where they 
survive the winters out of doors. The following list was presented 
by McDaniels (1931) and Shaw (1938), 
Pseudococcus citri Risso 
1. bay tree 21. oleander 
2. begonia 22. orchid 
3, bougainvillea 23. palm 
4. cactus 24. poinsettia 
5. chrysanthemum 25. umbrella plant 
6, citrus 26. violet 
7, coleus 27. asparagus 
8. croton 28. avocado 
9, crassula 29. bird of paradise flower 
10* cyperus 30. bottle brush 
11, dracaena 31. coffee 
12. fern 32. oolumbium 
13. ficus 33. cucumber 
14. fuchsia 34. magnolia 
15. forget-me-not 35. nettle 
16. geranium 36. peony 
17. gloxinia 37. potato 
18. gardenia 38. ragweed 
19. heliotrope 39. tobacco 
20. ivy 40. wandering-jew 
41. tomato 
Long-tail Mealybug Pseudo coccus ©donidum L. 
1. avocado 17. heliotrope 
2. banana 18. orchid 
3. begonia 19. oleander 
4. cactus 20. palm 
5. citrus 21. primrose 
6. chrysanthemum 22. poinsettia 
7. coleus 23. sago palm 
8. croton 24 violet 
9. crassula 25. bird of paradise flower 
10. cypress 26. calla 
11. dracaena 27. century plant 
12. Boston fern 28. cineraria 
13. forget-me-not 29. opumtia 
14. fuchsia 30. rubber plant 
15. geranium 31. staghorn fern 
16. gloxinia 32. xanthosoma 
11 
Pseudocoecus nipae Mask. 
1. dwarf rattan 7. ferns 
2. palm 8. guava 
3. Rh.aph.is humilis 9. mulberry 






Pseudococcus maritimus Ehrh. 
1. apple 12. grape 
2. avocado 13. alfalfa 
3. California laurel 14. clover 
4. carnation 15. nightshade 
5. century plant 16. pear 
6. citrus 17. potato 
7. chry s anthemum 18. sunflower 
8. coleus 19. erigeron 
9. date palm 20. strawberry 
10. elder 21. walnut 
11. English ivy 
Phenacoceus gossypii Towns. and Ckll. 
1. chrys anthemum 11. cotton 
2. citrus 12. rubber plant 
3. coleu 13. potato 
4. cocklebur 14. lima beans 
5. egg plant 15. okra 
6. geranium 16. pepper 
7. Hoffmania regalia 17. tomato 
8. hollyhock 




The injury caused by mealybugs is both direct and indirect* 
Directly these pests may cause injury by sucking plant juices* This 
results in the chlorosis of leaves, stunting of plants, and finally 
wilting and death. 
Indirectly mealybugs may mar the looks of the plant by pro¬ 
ducing a honey dew in which a black sooty fungus grows* 
There is much evidence that these insects may be the vec¬ 
tors of several plant diseases* Carter (1933) has proven the pine¬ 
apple mealybug, Pseudococcus brevipes Ckll* to be a toxicogenic in¬ 
sect causing mealybug wilt of pineapple by producing toxic substance 
injected into the plant at the time of feeding* A similar disease, 
called Green Spotting of pineapple, also caused by the pineapple mealy¬ 
bug, is described by Carter (1933 b)* This is also a disease caused 
by a toxic subject injected by the mealybug* 
Elmer (1925) claims that the mealybug Pseudococcus maritimus 
serves as an agent for mosaic transmission* Olitsky (1925) produced 
evidence that spontaneous mosaic does not occur in healthy or injured 
tobacco or tomato, in these plants injected with non-mosaic material, 
nor is the disease seed borne. If infection occurs under these con¬ 
ditions, care should be taken to eliminate, as a factor, Pseudococcus 
citri which is a carrier of the mosaic virus in the greenhouses* 
Fajardo (1930) says that a species of mealybug may be a vector of the 
mosaic disease of the bean Phaseolus vulgaria L* 
Wilson (1927) states both mealybugs and ants feed at the 
extra floral nectaries, hence it is very probable that gardenia bud 
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drop, a bacterial disease, may become widespread through these 
agencies. 
Hall (1945) and Box (1945) both believe and submit evi¬ 
dence indicating Hswollen shootn virus disease of cocoa is car¬ 
ried and spread by the mealybug Pseudococcus exitiabilis Laing. 
Control Measures 
The question of how to control mealybugs has long been 
a major stumbling block to the progressive greenhouse ownders de¬ 
sirous of pest-free houses, Down through the years various methods 
of control have been attempted. These include: (1) chemical con¬ 
trol, (2) biological control, (3) mechanical control, (4) physical 
control. 
Chemical Control 
The difficulty in controlling mealybugs by means of an 
insecticide as pointed out previously, is due in a large part to 
the coating of wax which covers these insects, preventing pentra- 
tion of the insecticide. It appears that mealybugs are provided 
with wax secreting glands. Matheson (1923) states that there are 
five types of wax glands in the genus Pseudococcus. 
Type I consists of multi-cellular glands found most abun¬ 
dantly on the ventral and lateral portions of the body. Viewed ex¬ 
ternally these glands are circular chitinous rings through \diich a 
number of openings are found. These glands surround the genital 
opening and secrete much of the waxy threads which form the egg sac. 
Type II is associated with Type I, but unlike it, appears 
to have a long chitinous cylinder extending down to it. These glands 
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secrete the long large threads of the lateral filaments and ovi¬ 
sac. 
Type III is much smaller than Types I and II, and is 
found all over the insect’s body. These openings appear as tri¬ 
angular areas with heavy Y-like centers surrounded by minute pores. 
These glands secrete the small, short, coiled wax thread found 
covering the entire body. 
Type IV has very small glands, always associated with 
a minute spine. The kind of wax secreted was not determined. 
Type V has rather peculiar one-ond-two cell glands that 
are scattered here and there over the body. The writer was unable 
to determine the exact type of external openings of these glands, 
and is still in doubt as to whether they are actual glands or not. 
Insecticides that have been employed in attempts to con¬ 
trol mealybugs have been of three types: (1) contact sprays, (2) 
fumigants, (3) more recently, aerosols. The main difference in 
the aforementioned types of insecticides is the size of the particle 
of spray; fumigants being molecular in size; aerosol a mist; and 
sprays still larger in particle size. 
Contact Sprays 
Soaps, oil, tobacco and lemon oil extract were in great 
favor with the earlier researchers. Later on, rotenone, pyrethrum 
and thiocyanates became prominent. Recently, DDT, parathion and 
azobenzene all have been tried out with varying degrees of success. 
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Davis (1896) recommended oil and soap washes for 
mealybug control. Oil sprays or a soap and tobacco extract 
mixture are the control measures given by Berger (1917)* The 
spray should be applied with as much force as possible to en¬ 
able the spray to penetrate into the cottony egg mass and dis¬ 
lodge the insect. Applications should be repeated in 2 or 3 
weeks. Berger also states in California a kerosene-lime mix¬ 
ture was found a most efficient spray against mealybugs* 
McDaniel (1923) states a soapsud bath made from two 
bars of laundry soap in 8 - 10 gallons of warm water gives 
control. The plant should be dipped in the mixture and later 
rinsed in clear luke warm water. She also suggested lemon oil 
diluted in warm water as an effective control. 
Borden (1923) gives spraying with 3 per cent miscible 
oils or the use of cresol soap distillate emulsion as a control 
for mealybugs in citrus orchards of California. He also recom¬ 
mended the sprajr to be applied with pressure of 350 pounds* 
During the early thirties, pyrethrins, derris and 
other insecticides began to appear. About 1932 and 1933, the 
employment of wetting agents in the spray had begun, reaching 
a climax around 1935* 
Watson (1930) found pyrethrin compounds gave better 
control of mealybugs than nicotine, but penetrol increased the 
efficiency of the nicotine sprays. 
Hamilton (1931) concluded from his work that a spray 
of *5 per cent coconut fatty acid soap, plus 40 per cent free 
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nicotine at a dilution of 1-400 gave control of mealybugs on 
gardenias. Three or four sprays at one week intervals before 
being set out was the procedure suggested. Compton (1932) ob¬ 
tained the best results with 1 fluid ounce of free nicotine plus 
2 fluid ounces of penetrol in 3 gallons of water, applied as a fine 
driving spray (120° F.) to increase its effectiveness. 
Richardson (1932b), in tests with sprays containing con¬ 
centrations of pyrethrins as strong as .02 per cent, in combination 
with potassium oleate soap at .25 per cent, found no appreciable con¬ 
trol of Pseudococcus citri Risso on Coleus. At about this time Rich¬ 
ardson (1932a) reports on a new commercial insecticide, containing 
11.7 per cent potassium soap, 2.1 per cent potassium carbonate, 7 
per cent terpines, which was relatively effective against mealybugs; 
killing 60 per cent of the adults, 95 per cent of the nymphs, as well 
as a considerable percentage of the eggs, with little injury to the 
plant• 
Britton (1933) found the mealybug Pseudococcus eitri Risso 
on Araucaria to be controlled with an impregnated oil emulsion or py- 
rethrum soap. He also suggested a strong spray of nicotine sulphate 
with soap to hold mealybugs in check. 
An oil sulphur compound known as sulphemulsol, employed at 
a 2 per cent concentration, was reported by Britton-Jones (1933) to 
cause almost instantaneous death to several species of mealybugs and 
their attendant ants without injury to the plant. 
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Breakey (1934) states an emulsion of holowax, a chlor¬ 
inated naphthalene product, plus sulphur, when diluted to con¬ 
tain 1 per cent holowax, some sulphur and .25 per cent soap gave 
100 per cent kill of nymphs of Pseudococcus citri Risso. He also 
obtained 100 per cent nymphal kill with a combination of white 
oil 1 per cent, holowax 1 per cent, soap 5 per cent. 
Hartzell and Wilcoxon (1934) reported high mortality 
of Pseudocoecus citri Risso, the citrus mealybug, on Coleus blumei 
sprayed with x thiocyanapropyl phenyl ether .1 per cent and pentrol 
.5 per cent. 
McDaniel (1934) reports control of Pseudococcus maritimus 
(Ehrh.) on gladiolus corms when they were immersed for 1/2 to 3 
hours in 50 per cent carbon disulfied emulsion diluted 1:10000 to 
100° F. 
Richardson (1935) in his very complete report upon the 
insecticidal control of the Mexican mealybug, tested several of 
the sprays recommended at that time for mealybug control. Of the 
sprays tested nicotine was the least effective; both derris and 
pyrethrum when employed with some wetting agent gave greater con¬ 
trol. The organic thiocyanates, such as lauryl and similar aliph¬ 
atic thiocyanates, killed slightly more active stages than any of 
the above. A 10 per cent kerosene emulsion was the highest in ef¬ 
fectiveness against the active stages and killed a considerable 
number of the eggs. Chrysanthemums were sprayed in the late after¬ 
noon and were followed by a thorough syringing the next day to pre- 
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vent injury when this spray was employed* 
Lethane 420, an aliphatic thiocyanate, was significantly 
superior to all other insecticides tested by Neiswander (1935)* 
It was found that Lethane 420 applied at the rate of 1:800 with pen- 
etrol at 1:200 gave a 96 per cent mortality of Phenacoccus gossypii 
Towns* and Ckll. and Pseudococcus citri Risso* Reducing penetrol 
to 1:1000, a 95 per cent kill was recorded when Lethane was main¬ 
tained at 1:800* 
Creighton et* al. (1938) tested an aliphatic thiocyanate 
at concentrations of 1:1000; 1:1400; and 1:1800 with a spreader at 
1:250; 1:350: and 1:450 respectively on croton and chrysanthemum* 
They found an average mortality of Pseudococcus citri Risso 98*2 
per cent at 1:1000, 81*5 per cent at 1:1400, but only 46 per cent 
at 1:1800. 
Upholt (1941) observed that a spray mixture containing 5 
quarts vatsol, a dioctyl ester of sodium sulfosuccinate, 2 quarts of 
lauryl thiocyanate, 2.5 gallons of summer oil in 500 gallons of water 
gave 100 per cent mortality of Pseudococcus cornstocki (Kuw) in a 3 
day period* Although the results were excellent, it was too expen¬ 
sive to be recommended as a control in orchards* 
Hamilton (1942), working with the Taxus mealybug, Pseudo- 
coccus cuspidatae (Rau), tried several sprays in an attempt to con¬ 
trol this pest. He found HT2018, a rotenone type spray, diluted 
1:400 with a special wetting agent gave a kill of 90-95 per cent* 
The spray was applied with 350 pounds pressure. "Righto", a rotenone 
oil type diluted 1:400 gave a 95 per cent mortality* "Loro" at 1:800 
plus Grasselli spreader and sticker, at 1:1600 gave a kill of 98 per 
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cent. DX a rotenone pyrethrum oil type diluted to 1:400 plus 
soap enough to make a .4 per cent solution gaYe 95 per cent kill. 
Blackleaf 40 1:400 plus .4 per cent soap gave a 99.5 per cent mor¬ 
tality. Lastly, a dormant carbolineum spray employed at a dilution 
of 1:100 also gave a good kill. 
In recent years, since 1944, new spray materials have 
been tried, iaong these may be listed DDT, Toxaphene, parathion, 
and hexaethyl tetraphosphate. With the exception of DDT, papers 
dealing with the effectiveness of these materials against mealybugs 
are few in number. 
In laboratory tests conducted by Hough et. al. (1945), 
results indicated that DDT at 1.5 and 2 pounds per 100 gallons was 
more effective against newly hatched mealybugs than other immature 
stages. Little or no effect was noted against adult females. The 
toxicity of the spray was distinctly higher soon after spraying than 
11 to 12 days later. In these tests Pseudo coccus comstocki Kuw was 
employed. 
Romney (1947) found that with a formulation of 3 grams of 
DDT in 6 grams of benzene or some other solvent, plus 3 grams white 
oil, viscosity 90-130 seconds Saybolt at 100° F., 10 grams of 1 per 
cent solution of an emulsifier, Vatsol, a .3 per cent emulsion gave 
99.91 per cent kill of Phenacoccus gossypii Towns and Ckll. on 
Gauyule. 
Morrill (1947), working with a formulation 20 per cent 
DDT, 65 per cent xylene, 10 per cent triton X100, diluted to a 5 
per cent DDT solution, found an 83 per cent kill of Pseudococcus 
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Sp. was obtained in a 2 day period. Mealybugs began to build 
up again after a period varying from 2 weeks to a month. This 
reinfestation was aided by a species of the ant Solenopsis gem¬ 
inate which also disappeared from the plant for 2 to 4 weeks. 
Creighton (1948) reported Chlordan and Benzen Hexachlor- 
ide as being moderately effective, and Parathion as being exeed- 
ingly effective. 
Pritchard (1948) reported having carried out tests with 
Parathion, KETP, and Toxaphene. Most of his work with the use 
of Parathion has been with 15 or 25 per cent wettable powders. 
He eliminated mealybugs from a large number of greenhouses by em¬ 
ploying a concentration of .15 pounds actual material per 100 gal¬ 
lons. When the application is thorough, a second spray is unnec¬ 
essary for control of the long-tailed mealybug and the palm mealy¬ 
bug. The grape mealybug, citrus mealybug, citrophilus mealybug, 
and Mexican mealybug are more difficult to control due to: (1) 
large egg masses which hatch over a period of several weeks; (2) 
the fact that these mealybugs after occur on plants where complete 
coverage is difficult to obtain. 
HETP as a spray or as a fog-type aerosol, appears to be 
generally ineffective against mealybugs. Some material reduction 
of the long-tailed mealybugs was noted but in general the use of 
this material as a spray seems to be not much better than water, 
used as a check. 
Toxaphene, employed against the citrus mealybug on gar¬ 
denias, was found to be relatively ineffective. 
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Aerosol Spray 
Since the war aerosol treatment of greenhouses has become 
very popular with greenhouse owners* This type of treatment is 
simple and easy to employ and seems to control infestations of many 
pests. 
In general terms, the aerosol is a method of dispersing 
spray. The insecticide plus solvent is placed in a container under 
pressure. Upon release of the pressure the spray is evolved in the 
form of a fine mist or fog, ^diich settles after a time, coating the 
plants in the greenhouse. There is some evidence at present that 
aerosols have not the residual properties of coarser sprays. Some 
injury has been noted in greenhouses sprayed with aerosols (Blauvelt 
1948.). 
Weigel (1944) in tests conducted on the citrus mealybug 
Pseudococcus citri Risso on Coleus with an aerosol mixture contain¬ 
ing 2 per cent by weight of DDT in methyl chloride, found only 6 per 
cent of 183 mealybugs were killed. In another test with an aerosol 
containing 2 per cent DDT and 4 per cent orthodichlorobenzene in 
methyl chloride only 25 per cent of 119 mealybugs were killed, a 
majority of these being nymphs# 
Smith and Goodhue (1945) using an aerosol with a formula¬ 
tion of 5 per cent DDT, 5 per cent cyclohexanone, 5 per cent lubri¬ 
cating oil, SAE 10 or 30, 5 per cent acetone, 80 per cent Freon 12; 
the DDT being released at the rate of 1 gram per 1000 cubic feet, 
found the adults of Pseudococcus citri Risso on squill were unaffected, 
but the young stages failed to becoaas established, 'he ool 
onies gradually dwindled, indicating the active stages were 
affected by the residue. 
Hensill (1947) employing a formulation of 9 per 
cent tetraethyl pyrophosphate phosphate plus an organic sol¬ 
vent, plus a wetting agent, cleaned up a mealybug infestation 
in three treatments at intervals of 2 or 3 days. 77 per cant 
control of Pseudococcus maritimus Ehrh. on gardenias was effect*d 
in one treatment. 
Roark (1947) obtained a 64 per cent control of Paeudo- 
coccus citri Risso from an aerosol containing hexaethyl tetro- 
phosphate as a 10 per cent solution in methyl chloride. The 
HETP was applied at the rate of 1-2.5 grams per 1000 cubic feet. 
A 97 per cent kill of Mexican mealybug, Phenacoccus goaaypii 
Towns, and Ckll. was obtained with this same formulation. 
In correspondence with Dr. Blauvelt (1948) it was 
learned that excellent results were obtained against the oitrue 
mealybug on gardenias with the use of parathion aerosols. 1t 
has been noted that aerosols containing 10 per cent oomuiaroiel 
HETP by weight in methyl chloride has not given satisfactory com¬ 
mercial control. 
Fumigants 
Some of the earliest attempts to control mealybugs 
were through the use of fumigants. Hydrocyanic geo ha a been 
the principal fumigant employed, but others such as cliloropl orl n, 
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carbon bisulfide and azobenzene have all been tried. 
The grower, if employing hydrocyanic fumigation to 
control mealybugs, works on a very narrow margin of safety* 
These pests seem to be relatively tolerant of large doses of 
HOT, while many species of greenhouse plants have a very low 
tolerance. Sasscer and Borden (1917) in their discussion of 
greenhouse fumigation list several precautions to consider if 
undertaking a greenhouse fumigation. If there is any doubt as 
to the amount of gas the plant will stand without injury, the 
initial dosage should not be over l/4 fluid ounce of sodium cy¬ 
anide per 1000 cubic feet. The best temperature for fumigation 
is between 550 1*. and 68° F. Temperatures to either extreme 
are likely to cause injury. Light affects fumigation and it 
is unsafe to fumigate until at least one hour after sunset. HCN 
is very soluble in water, so that any excess moisture in the green¬ 
house decreases the effectiveness of the fumigation. High humid¬ 
ity in conjunction with high temperature has a tendency to greatly 
increase injury to the foliage. Short exposures of one to two 
hours seem to prove the most effective. Plants vary in their 
susceptibility to HCN. In tests conducted by these workers it 
was found the 100 per cent kill of Pseudococcus citri Risso was 
obtained by employing HCN at 5 ounces per 1000 cubic feet. On 
Pseudococcus nipae Mask, and Pseudococcus adonidum L., 2-J- ounces 
per 1000 cubic feet was sufficient to give a 100 per cent kill. 
From these figures it is readily seen that the mealybug is very 
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resistant to HGN gas and high concentrations are needed for good 
control* These concentrations are often above the tolerance of 
the plants involved* It is recommended, therefore, that small 
doses at frequent intervals be employed to control the immature 
stages, and finally eliminating the infestation 
In several experiments conducted by Harned (1931) to 
determine the effect without regard to plant injury of fumigation 
upon the various stages of Phenacoccus gossypii Towns, and Ckll., 
it was found that 5 pounds of carbon bisulphide to 2000 cubic feet 
of space destroyed the eggs in all stages* There was no kill of 
the third instar or adult stage* The use of nicotine sulphat 1*5 
ounces per 2000 cubic feet of space resulted in 100 per cent kill 
of the first stage up to 4 daj'-s of age, 88 per cent from 4 days to 
the second stage, and 50 per cent kill of the eggs* There was some 
foliage injury* 
Britton (1933) states greenhouse fumigation with HCN gas 
holds mealybugs in check* 
Piedallu and Balachowsky (1928) reported of having ob¬ 
tained successful results in tent fumigation of chloropicrin when 
they used 20 grams of material to 1 cubic meter, against the long¬ 
tailed mealybug* A 45 minute fumigation gave a 100 per cent mor¬ 
tality* 
Haseman and Jones (1934) found Pseudococcus adonidum L. 
able to withstand up to 113*4 grams of calcium cyanide per 1000 
cubic feet and concluded that it is not practical to attempt control 
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of this pest with hydrocyanic acid gas, 
Ahlberg and Palmgard (1934) aay 3 or 4 treatments 
at high concentration and long exposures were necessary to 
kill the fully developed mealybugs of the genus Pseudococcus, 
Weigel and Sasscer (1935) recommend fumigation, 1 
to lj- ounces of sodium cyanide per 1000 cubic feet for control 
of the immature stages. 
Both the Mexican mealybug, Phenacoccus gossypii 
Toms, and Ckll. and the citrus mealybug, Pseudococcus citri 
Risso were controlled by fumigation with hydrocyanic acid gas 
at the rate of l/4 to 1/2 ounce sodium cyanide per 1000 cubic 
feet. The tightness of the house determines the amount of in¬ 
secticide used. exposure of 1/2 hour seems to be ample for 
control, A formulation of 1 ounce sodium cyanide, 1-J- fluid 
ounces commercial sulfuric acid to 2 fluid ounces of water 
was employed at this rate. The citrus mealybug was more re¬ 
sistant to the gas and 2 to 3 applications made 10 days apart 
should bring control (Compton 1935), 
Very good results were obtained by Richardson (1935) 
from a 4 hour fumigation at 3/8 ounce HCN per 1000 cubic feet. 
The kill ranged from 94 to 97 per cent of Phenacoccus gossypii 
Towns, and Ckll. 
In correspondence Blauvelt (1946) stated he believed 
azobenzene fumigation to have considerable promise in the con¬ 
trol of mealybugs on gardenias. A single fumigation, at the 
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dosage of 1 pound 70 per cert azobenzene pcrier per 4C,OCO 
cubic feet of space, does rot give a Tory nigh percentage of 
kill of the older nyxphal stages, adult cr eggs. This dosage 
gives 100 per cert kill of tie first and second instar, and 
a series of three fumigations at abort 10 lays to 2 week in¬ 
tervals gives very good control. A umber of growers have 
increased the dosage to 1 pound of 70 per cent arc benzene fun- 
igert to 30,000 cubic feet and have vaporized the material all 
at one tire instead of two periods. These growers report higher 
kills of older as well as the younger stages of mealybugs. One 
grower reported excellent re cits with no injury by employing a 
combination of azobenzene and nicofme fmigation. 
Certain precautions should be observed in handling this 
material. The best temperature is around 75° F. Lover Temperatures 
are sore dangerous than high. In cold weather it is best to fumi¬ 
gate in the daytime or on a cloudy day with moderate temperatures 
and little or no wind. The funigant should be painted on the steam 
pipes; hot water pipes ere unsuitable. The applicator should wear 
a respirator and avoid unnecessary long exposure, SiauTelt (l$4d). 
There has been some success with the control of mealybugs 
in greenhouses by the use of fumigants. The limiting factors, such 
as the resistance of the mealybugs, temperature, light, humidity, 
susceptibility of the plants must all be taken into consideration 
when employing this method. 
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Biological Control 
Mucli emphasis has been laid upon biological control, 
especially in the citrus groves of California and apple orchards 
of the east* Woglum and Neuls (1917) state that no important 
citrus insect pest in California seemssto be attacked by more 
natural enemies than the mealybug* Insect parasites, insect 
predators, and a fungi have all been employed in attempts to con¬ 
trol mealybugs by biological methods. 
The same workers, as cited above, reported one severely 
infested orchard which was observed to be cleaned in less than 2 
months by two species of predatory brown lacewing flies, Sympher- 
obius barberi, Banks and Sympherobius califomicus Banks. Two 
species of ladybird beetles, Hyperaspis lateralis Muls* and Cryp- 
tolaemus montrouzieri, Muls., have proven exceptionally apt in 
controlling the mealybug in California. Chrysopa califomica 
Banks, Leucopis bella Loew, and Paraleptomastix abnormis Girault 
also attack mealybugs and aid in controlling them. 
Speare (1922) found three insects associated with mealy¬ 
bugs in Florida: Pyroderces rileyi Wlsm., Laetilia coccidivora 
Comst., and a species of Chrysoplotycerus. The larva of the tin- 
eid moth, Pyroderces rileyi, Wlsm., known as the pink cornworm, 
was found conspicuous^ with mealybugs. It was perhaps the most 
common of all insects frequenting mealybug clusters. The second 
insect, the pyralid moth, Laetilia coccidivora, Comst., was much 
less common than pink comworm, but, like it, occurred in the 
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larval stage associated with mealybugs. The third insect was a 
chalcid of an unknown species* 
In addition to the aforementioned insects, a fungus, 
Entomophthora fumosa n*sp. was discovered, which was unquestion¬ 
ably the chief factor in the natural control of the citrus mealy¬ 
bug. The fungus belongs to the family Entomophthorales, most mem¬ 
bers of irtiich are entomogenous* 
The propagation and distribution of Cryptolaemue mortrou- 
zieri, Muls. had been developed to a high degree, there being jrore 
than 14 insectaries engaged in propagation of these beetles with 
fairly satisfactory results having been obtained, but occasionally 
refractory infestations of Pseudococcus gahani were encountered which 
refused to respond to the colonization of Cryptolaemus. This led to 
an investigation and the importation and colonization of two inter¬ 
nal parasites, Coccophagus gumeyi Compere and Tetracnemua protiosus 
Timberlake and several species of predators, the most important of 
which were, Midas pygmaeus (Blackburn) and Chrysopa ramburi Cameron. 
The predatory fly Diplosis sp. was recovered abundantly from field 
collected material for 2 years but apparently did not maintain it¬ 
self (Sad. th and Compere 1931) • 
At the same time Coccophagus and Tetracnemus were introduced 
2 coccinellid predators Pullus sp. and Dlomus sp. and a ITeuropteroue 
predator Chrysopa sp. were colonized, (Smith and Compere 1923). It 
was soon apparent that only the two hymenopterous parasites would 
maintain themselves* 
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Watson (1932) states that mealybugs are eaten by 
several other insects, among which may be listed the lady- 
beetles and their larvae, the larvae of lacewing flies, trash 
bugs and syrphus fly larvae. 
A specimen of an encyrtid parasite reared by C. C. 
Compton from the Mexican mealybug, Phenacoccus gossypjj Towns, 
and Ckll., in the University Greenhouse at Urbana, Illinois, 
April 20, 1932, was identified by Dozier (1932) as Leptomas- 
tidea abnormis Girault. 
Clancy (1933) reports that Cryptolaemus montrouzieri 
Muls., which has been used with great success as a predator 
on all other species of mealybugs, does not readily take to 
the long-tailed mealybug. 
In greenhouses at the Waltham Field Station, extremely 
heavy infestations of mealybugs on gardenias were brought under 
control in about 60 days by the liberation of one Cryptolaemus 
beetle per plant in January. In August the same number of beetles 
gave relief in 30 days (Whitcomb 1934) • 
Cox (1940) reared several hymenopterous parasites from 
the Comstock mealybug. These included: Clausenia purpurea Ishii, 
Thysanus nigra Ashm., Thysanus elongatus Gir., Pachyaeuron altis- 
cuta How., and Lygacerus sp. Of these C• purpurea was the most 
important. 
An effective reduction of the population of the coconut 
mealybugs by the parasite Pseudophycus utilis Timb. was noted in 
Puerto Rico. The pineapple mealybug was noticeably reduced by 
the establishment of the parasite Hembletonia pseudoccina Comp. 
(Anonymous 1940). 
Muesebeck (1942) describes two hymenopterous parasites 
of the Comstock mealybug, apparently of Japanese origin. The first 
Allotropa burreli, was reared in several localities in Virginia, 
and the second, Allotropa convexifrons was reared in New Jersey. 
Le Pelley (1943) reports of a parasite, described by 
Compere as Anagyrus beneficians, which was introduced from Uganda 
into Kenya to control Pseudococcus kenyae, a severe mealybug pest 
of coffee and various food crops. 
Cox, et. al. (1943) have found a fungus, attacking the 
Comstock mealybug, Pseudococcus comstocki Kuwana. This fungus, 
identified as the Isaria stage of Cordyceps clavulata, attacked 
the mealybug with the greatest effectiveness during wet seasons. 
In dry seasons there is no appreciable amount of control. 
Flanders (1944a) has found the work of two hymenopter¬ 
ous parasites, Tetracnemus peregrinus Comp., and Anarhopus sydney- 
ensis Timb., very effective in the control of the long-tailed mealy 
bug, Pseudocoecus adonidum L., on avocado. 
An encyrtid, Acerophagus pallidus Timb., was reported 
by Flanders (1944b), to control the potato mealybug, Phenacoccus 
solani, Ferris in the insectaries of the University of California. 
Clancy (1944a) reviews much of the work done previously, 
finding that the parasites Leptomastidea abnormis (Girault) and 
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Leptomastix dactylopii Howard are both imperfectly adapted to 
the Comstock mealybug* Anarhopus sydneyensis Timb. showed 
little interest in attacking Pseudococeu3 corns tocki. Poor re¬ 
sults were obtained when Tetracnemus sp. or Chrysoplatycerus 
splendens Howard were tied. Best results in parasitism were 
obtained when Coccophagus gumeyi Compere or Clausenia purpurea 
Ishii were used. It was not known if Coccophagus gumeyi Comp, 
would survive the eastern winters. The effectiveness of Claus¬ 
enia purpurea Ishii is reduced when hyperparasites are found 
emerging from the mummies of the mealybug, (Clancy 1944b). 
Very little in the way of biological control has been 
attempted in greenhouses. Shaw (1938) states biological control 
of mealybugs in greenhouses does not seem practical because: (1) 
the greenhouse owners must have a method of checking insects im¬ 
mediately to prevent loss of plants. To establish parasites 
and predators, much time is required, (2) often parasites are 
specific for certain species of pests, while mixed cultures are 
found in most greenhouses, (3) parasites or predators have to be 
bought, making them impractical for controlling a scattered in¬ 
festation which is occasionally found on plants. 
Mechanic al Control 
Syringing is often employed to control mealybugs. This 
type of control seldom will eliminate an infestation, but will have 
a tendency to keep the number of insect low. Treatments, to be of 
any value, must be often repeated. 
32 
McDaniel (1923) recommended washing down the plants 
with water to remove the insects. The treatment should be re¬ 
peated weekly until control has been attained, 
Compton (1932) reports that while forcible syringing 
with clear water will hold most species of mealybugs in check, 
it has little effect on the Mexican mealybug. 
According to Haseman and Jones (1934) syringing at 
frequent intervals with a stiff stream of cold water will usually 
keep mealybugs under control. When the insects first appear, the 
best way to handle them is to wash them off. Many small growers 
in this vicinity rely almost completely on syringing. 
Physical Methods 
In California where fruit shipped out of the state must 
be pest free, physical methods of controlling mealybugs found on 
the fruit have been attempted. While no detailed work has been 
done of this phase of mealybug control, Browne (1931a) found there 
was a possibility of controlling mealybugs by a cold storage 
treatment. An infestation of mealybugs on ripening pears kept 
at 31° F. with a relative humidity of 85 per cent was found to 
be very effectively controlled, 
Browne (1931b) treated six boxes of loose-packed or¬ 
chard run apples infested with Pseudococcus gahani Green for 8 
hours at a temperature of 110° F, and 97 per cent relative hum¬ 
idity. He found the treatment gave a kill of 100 per cent. 
Printz (1932) reported that at temperatures below 
-14° C., all hibernating mealybugs were killed, and that cold 
rainy weather decreased the productiveness of the Coccids* 
The females laid only 3 to 40 eggs during this period, while 
normally 250 eggs were deposited. 
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Materials Used 
Insect and Host 
At the onset of this work, it was evident that a plen¬ 
tiful supply of mealybugs was to be found in the greenhouses at 
the University of Massachusetts. A collection of mealybugs was 
Blade and cultures were started on plants of the genus Coleus. 
These plants were chosen because they are a favorite food of 
many species of mealybugs# Coleus is propagated from stem cuttings 
with great facility. 
Early in the investigations, it was found that sufficient 
numbers of mealybugs could not be maintained on Coleus to keep a con¬ 
stant supply of insects for testing. A modification of the method 
employed in Cryptoleamus-rearing in California was used. As a sub¬ 
stitute for Coleus, potato sprouts were grown and an infestation of 
mealybugs was introduced. See plates I, II, III. 
Dormant tubers were obtained from the Experiment Station. 
These tubers were treated with a 2 per cent potassium thiocyanate 
solution at 40° C. for 1 hour to break the dormancy (Denny 1926 and 
1928). Tubers treated in the above fashion sprouted in a 2 week per¬ 
iod. Mealybugs were introduced when the sprouts were about 8 inches 
high. It took about 8 weeks from the time of planting until a suf¬ 
ficiently strong culture was developed. 
Of the five mealybugs found on campus only two, Pseudococcus 
citri Risso and Phenacoccus gossypii Towns, and Ckll. developed in 
great enough numbers to be used in the experimental work. Pseudococcus 
maritimus Ehrh. was found only in very small numbers in the cultures. 
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Pseudococcus nipae Mask* and Pseudococcus adonidum L* did not 
seem to maintain themselves on the potato host* 
Several hundred Coleus cuttings were started in sand* 
These were transplanted to pots three weeks later* After they 
had a good start and had attained the height of 8 to 10 inches, 
they were infested with mealybugs* This was accomplished by the 
transfer of mealybugs from the potato culture to the Coleus* 
Nymphs, adults and egg masses were brudied from the potato culture 
with a camel*s hair brush onto a sheet of paper and shaken from 
the paper to the Coleus plant* This original infestation was then 
allowed to build up for an 8 to 10 week period. Prom the date of 
planting the cuttings until the time of spraying, about a 4 month 
period was needed. 
About the time the Coleus plants were ready for spraying, 
because of conditions beyond the control of the author, - the tem¬ 
perature in the greenhouse in which experiments were being carried 
out went down below 20° P. This unfortunate accident resulted in 
the death of a large percentage of host plants and the entire po¬ 
tato culture. Thus 4 months work was completely invalidated. 
At this point it was decided to endeavor to hasten the 
growing and infestation period. Tomato was chosen as a host plant 
in place of Coleus. This host was well suited as a food plant for 
the two mealybugs being cultured, and at the same time only 1 month 
was needed for the tomatoes to attain sufficient growth for infesta¬ 
tion after being started from seed in flats. These plants are very 
susceptible to spray injury which would readily tend to in¬ 
dicate the injurious nature of an insecticide. 
Tomato seeds were planted April 1 and were trans¬ 
planted into pots by April 15. These plants were infested 
April 28 and by June 7 had attained an infestation suitable 
for testing purposes. 
Wetting Agents Used 
What are wetting agents, and in what manner do they 
function in a spray system? These questions can probably be 
answered most easily by use of a practical example. 
Frear (1942) gives an excellent discussion of wet¬ 
ting agents. When water is sprayed upon a surface which it does 
not wet, such as the dorsal surface of a mealybug, it assumes 
a spherical, or practically spherical, shape. This is caused 
by the surface tension of the water. This surface tension is 
due to molecular cohesion of the water molecules. The molecules 
of water have an attraction for one another. At the surface of 
the water droplet the molecules are drawn toward the center be¬ 
cause there are no molecules outside to exert an opposite force 
upon these surface molecules. Thus we have the droplet assuming 
a spherical shape. 
When a liquid wets a surface other forces come into 
action and tend to pull the liquid out in a plane along the wet¬ 
ted surface. Many writers tend to draw a fine distinction be¬ 
tween wetting and spreading, but it appears that before a liquid 
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can spread, it must wet the surface. In the phenomenon of wet¬ 
ting there is exhibited a slight chemical affinity between liq¬ 
uid and solid. 
A convenient measure of the ability of a liquid to 
wet and spread upon a given surface is the angle of contact, which 
is the angle between the solid and liquid when an equilibrium is 
reached. When there is no wetting whatsoever the angle of contact 
is 180° and when there is complete wetting there is an angle of 
contact of 0°, Between these two extremes there is partial wet¬ 
ting, and the smaller the angle of contact the greater the wetting. 
Most of the efficient wetting agents act by lowering the 
surface tension of water in which they are dissolved. It has been 
shown that substances in which there is a long chain grouping in 
the molecules combined with a highly water soluble group, have an 
ability to lower the surface tension. Furthermore solutions con¬ 
taining wetting agents seem to have a concentration of the active 
materials near the surface, with an orientation of the long chain 
(non-polar) group directed away from the water and the water sol¬ 
uble (polar) group of molecules oriented toward the water. 
Several different types of wetting agents may be men¬ 
tioned. One of the first compounds to be employed in this capac¬ 
ity was soap, being recommended in 1787 in combination with tobacco 
to control aphids. Saponins and glucosids occuring in several 
species of plants, form colloidal suspensions with water and have 
the facility of reducing surface tensions. Gelatins, casein and 
38 
casein preparations, flour, sulphite lye all'possess wetting 
properties. 
Within the past few years a large number of organic 
wetting and spreading agents have appeared on the market. Most 
of these fall into one of the following categories: 
1. Long Chain Alcohols. These have the formula 
R-OH where R is a fatty alkyl group. 
2. Alcohol and Acid Sulphates and Derivatives. These 
compounds have the generalized formula R-SO^Na and are 
esters of sulfuric acid. 
3. Sulfonated Aliphatic Derivatives. In this group 
are found the Igepon group, Arctic syntex group and 
Triton group. 
4. Sulfonated Aromatic and Mixed Alkylaryl Derivatives. 
5. Esters of fatty acids. 
Fifty chemical firms were contacted in an effort to obtain 
samples of wetting agents. 63 samples of wetting agents were re¬ 
ceived for experimental purposes from 23 firms. Of the remainder, 
15 were merely distributors of the wetting agents produced by another 
firm; 8 had discontinued production of wetting agents; 2 were not 
heard from. For a list of the firms see Table I. 
After preliminary testing, it was found that four of the 
wetting agents tested seemed to show superior qualities of wetting 
mealybugs than the remainder. These four included Triton X100, Tergl 
tol 7, NekalNS, and Penetrol. 
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Triton X100 is e product of the Rohm and Haas Com¬ 
pany. It is a viscous liquid, anhydrous non-ionic emulsifier 
which does not hydrolyze when dissolved in water. Chemically 
Triton XLOO is an alkyl aryl poly-ethoxy ethanol or an alkyl¬ 
ated aryl poly ether alcohol. This compound has excellent 
stability over a wide HI range. 
Physically Triton X100 is a clear amber liquid with 
a flash point over 300° F. It has a mild unobjectionable chem¬ 
ical odor and has a specific gravity of 1.059 to 1.068 at 25° C. 
This wetting agent is miscible with alcohol in all proportions, 
and readily soluble in a 50 per cent glycdrine. While not sol¬ 
uble in straight chain hydrocarbons, such as common petroleum 
oil and only slightly soluble in aromatic oils, it is readily 
soluble in cold water. 
This product has been put to various uses. As an emul¬ 
sifier it has been employed in solutions of DDT, Rhothane D3, 
hexaethyl tetraphosphate, certain types of weed killers, Lethane 
60, Lethane 384, Lethane 384 special, and rotenone extracts. It 
also provides superior insecticidal emulsions for use as residual 
sprays, mosquito larvicides, a livestock spray and dip, plant and 
garden sprays, (Anonymous 1948d) 
Tergitol wetting agent 7, a product of Carbide and Car¬ 
bon Chemical Corporation, is a sulfonated sodium salt of a hydro¬ 




CgHg SO^Na (Anonymous) 1948E. 
Tergitol wetting agents are a group of powerful 
wetting and pentrating compounds which profoundly affect 
the surface activity of water solutions even under conditions 
of high dilution. They are stable in the presence of acids, 
alkalies, salts and hard water* 
With water, insoluble low viscosity liquids such as 
gasoline, toluene, and the chlorinated hydrocarbon, Tergitol 7 
has unique emulsifying properties. 
Nekal NS is an agent which has received wide accep¬ 
tance for wetting in either cold or hot solutions, and special 
recognition as a rewetting agent. It is a product of the Gen¬ 
eral Dyestuff Corporation. 
Nekal NS comes in the form of a clear amber colored 
viscous liquid which is miscible with water in any proportions. 
A 1 per cent solution of Nekal NS is clear, colorless and neu¬ 
tral in chemical reaction. 
Chemically, Nekal NS is the sodium sulfonate of a 
synthetic organic ester. Like organic esters in general, it 
does not possess great stability to acid or alkali solutions. 
On the other hand, it is very stable in a neutral, or very nearly 
neutral solution, and even resists alkaline hydrolysis sufficiently 
to be stable in dilute soda ash at temperatures below 120° F. for 
a reasonable length of time, (Anonymous 1948c). 
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Penetrol. a product of Kay Fries Chemicals, Inc., 
has long been noted for ability to activate nicotine sprays 
(Hoerner 1930). It has also been widely employed as a spreader 
and sticker for Bordeaux Mixture (Huber 1936). 
Chemically speaking, Penetrol is an oxidized gas¬ 
oil sulfonated by the direct method. There is apparently 
little variation in the insecticidal properties. It is 
miscible with water. 
Penetrol has a maroon color and a very characteristic 
odor. Concentrations as high as 4 per cent have been sprayed 
on surfaces with no injury. Generally plant tolerance to Pen¬ 
etrol is far above the concentration needed. Tomato withstood 
a concentration of 2 per cent with no sign of injury (Hoerner 
1929). 
Insecticides Used 
DDT was the first of a procession of new organic in¬ 
secticides to reach the American public. Four of the most prom¬ 
ising of these new insecticides were selected to be tested for 
their effectiveness against greenhouse mealybugs. These included 
DDT, Chlordan, Toxaphene, and Parathion. 
DDT was first produced by the Geigy Company in 1939, 
and soon after, under the impetus of war, production rose until 
today there is ample material on hand. 
Chemically, DDT is a chlorinated hydrocarbon known as 
dichloro diphenyl trichloroethane, with a structural formula of: 
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There are several isomeres but the active one in respect to its 
toxicity to insects is the para para isomere* 
DDT is a white slightly waxy crystalline solid. It 
has a sweetish odor, not too pleasant. The technical grade has a 
setting point of 89° C. It is not soluble in water but is soluble 
in all the common organic solvents. DDT is a stable compound ex¬ 
cept in the presence of certain acidic salts such as FeCl^* 
Chlordan was discovered by Dr. Julius Hyman and has ex¬ 
hibited a high order of toxicity to a wide range of insects and re¬ 
lated arthropods* This material can be employed safely due to its 
mild action on warm blooded animals* 
This insecticide is a chlorinated hydrocarbon having the 
empirical formula C-^^PqCIq. The technical chemical name for Chlor¬ 
dan is l,2,4,5,6,7,8,8,-octachloro-4,7 methane - 3a,7,7a - tetra- 
hydroindane. Its structural formula is: 
Cl 
C 
Cl C I 0s _HH 
I CC12 0 
Cl Cl 
In the highly refined state Chlordan is a viscous, nearly 
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odorless liquid, boiling at 175° C. This compound is completely 
soluble in the usual organic solvents such as aliphatic aromatic 
and chlorinated hydrocarbons as well as in most ketones ethers 
and esters. It is not soluble in water. In the presence of many 
alkaline reagents Chlordan reacts to form dehydrohalogenated pro¬ 
ducts which are of a low toxicity to insects. 
Chlordan is a dense liquid with a specific gravity of 
1.61 and is slo?^ly volatile, although when applied at a rate of 
100 mg. per square foot in protected situations, a film lethal 
to insects will remain from one to several months. 
The exact manner in which Chlordan kills is not known 
at present, but from all evidence to date, indications are that 
it has contact, stomach poison and fumigant action. Chlordan does 
not have quick knock-down powers. 
Of the formulations containing Chlordan that are avail¬ 
able, only two types were of any possible use against mealybugs; 
(1) an emulsion, (2) a wettable powder. 
The emulsion applied in this work was a 40 per cent emul- 
sifiable chlordan. The second type of formulation was 40 per cent 
wettable powder. Both samples were supplied by the Dow Chemical 
Company. In formulating a wettable powder it should be emphasized 
that alkaline carriers should not be used, and the addition of a 
wetting agent would improve wettability of the various extenders, 
(Kearns et al 1946, Anonymous 1947 a and b). 
Toxaphene is a chlorinated camphene 7/ith the empir¬ 
ical formula C H Cl • This is a product of the Hercules 
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Powder Company. The technical or insecticide grade is a cream 
colored waxy solid with a mild piney odor, containing 67 to 69 
per cent chlorine. It melts in the range of 65° to 90° C. and 
has a density of 1.6. Toxaphene is highly soluble in common 
organic solvents. Upon being heated and upon exposure to ultra¬ 
violet light, toxaphene slowly evolves HC1 at a rate slightly 
greater than does DDT. It can be stored in the solid form for 
at least a year without deterioration. It is compatible with 
most fungicides and insecticides (Anonymous 1944). 
Toxaphene is somewhat more toxic to mammals than DDT. 
It is phytotoxic to cucurbit, but thus far this is the only in¬ 
stance of severe plant injury reported for practical dosage 
levels, (Parker and Beacher 1947). 
A formulation containing 25 per cent Toxaphene in an 
emulsion was employed in this work. No tests were run using a 
wettable powder. 
Blauvelt (1948) gives an excellent summary of the 
facts now known about Parathion. This material was first pro¬ 
duced by the G. Farbin Corporation of Germany during the war, 
and was introduced to this country by American scientific teams 
sent into Germany at the termination of hostilities. In this 
country the American Cyanamid Chemical Corporation has pioneered 
in its development and testing. 
45 
Chemically, Parathion is 0,0 - diethyl 0 - p - nitro- 
phyl thiophosphate and has a strong disagreeable odor* It should 
not be allowed to come in contact with the skin, and a gas mask 
should be employed if an aerosol is being released. Parathion 
has been found to act not only as a contact and stomach poison, 
but also as a fumigant. 
In tests conducted in these experiments a 15 per cent 
wettable powder was employed. 
Other Equipment 
129 square feet of greenhouse space was acquired from 
Professor A. I. Bourne, Experiment Station Entomologist. Approx¬ 
imately half of this space was unheated and could only be employed 
in the late spring and summer. This greenhouse is located on the 
south side of Pernald Hall and runs in a north-south direction. 
This house was heated by two steam coils, one in back of the bench 
being used and one underneath that bench. Ventilation was accom¬ 
plished by a ventilator in the roof of the greenhouse. 
Hew soil was brought in from outside and a 10-10-10 fer¬ 
tilizer was used. This soil was mixed with some sand to increase 
the amount of aeration. 
A DeVilbiss spray gun, type GD505, was used. It was at¬ 
tached to a Saylor-Beall Mfg. Company air compressor, model 116KC, 
powered by a 1/4 horsepower electric motor. The compressor was a 
single cylinder pump, and due to this fact, there was a slight var¬ 
iation in the pressure. The spray was emitted in a fan shaped mist 
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at the rate of 415 cc. per minute, and applied at an average 
pressure of 30 pounds which varied 5 pounds to either side* 
The gun and spray cup were attached to the compressor by a 20 
foot length of hose. See plate IT, 
3 inch pots were furnished by the Entomology Depart¬ 
ment in which to grow the host plants. 
For isolation purposes during the summer, a shelter 
was constructed outside the greenhouse. This was a simple struc¬ 
ture made from a wooden frame which was covered with tar paper. 
It was deemed necessary for such a shelter to be built so that 
residual tests could be conducted without unintentional reinfes¬ 
tation. 
k continuous record was kept during all the experimen¬ 
tal work by means of a recording thermometer and humidigraph. 
For counting to determine the amount of kill a hand tally was 
used. 
Procedure and Results of Preliminary Tests 
Procedure 
Each sample of wetting agent received (see table I) 
was subjected to tests to determine its ability to wet mealy¬ 
bugs. Two types of tests were attempted. 
In the first type, Wetting Test Number I, a number 
of adult mealybugs were sprayed and the amount and speed of 
the wetting was noted. 
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Five adult female insects were deemed ample in these 
preliminary tests, to give an indication of the effectiveness of 
the wetting agent. Adults of approximately the same size and hav¬ 
ing the same amount of waxy protection were chosen. All insects 
used were of the species Bhenacoccus gossypii Towns, and Ckll* 
Individuals of this species possessed a more even distribution of 
wax over their body and large numbers were available in the cul¬ 
tures. Adult coating affords the greatest protection. While the 
nymphal stages are protected with wax, that wax is only sparsely 
scattered over the body. A wetting agent which showed promise against 
the adult insect would, in all probability, wet the less protected 
body of the nymph. Egg masses were covered with the greatest amount 
of wax but these masses tended to break up upon being handled and 
therefore produced difficulties in observing the amount and time of 
spreading. Adults were much easier than nymphs to handle during 
the tests, being larger and remaining still for longer periods of 
time. The employment of individual eggs would be impractical in 
this test for these eggs are continually covered with a waxy cot¬ 
tony mass until hatching, therefore any wetting action noted here 
would have no significance under practical greenhouse conditions. 
Both the nymphal and egg stages can be eliminated from testing after 
review of the foregoing discussion. 
The insects were placed on the leaf and allowed to. hour 
to settle. This was done for two principal reasons. In the first 
place, it was done to maintain the insect under as near normal con- 
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ditions as possible; and secondly, any great amount of move¬ 
ment which would naturally occur immediately following the 
transfer of the insect to a leaf surface would have the effect 
of aiding the solution of wetting agent to spread over the body. 
Each wetting agent was tested first at 1 per cent• 
This percentage was chosen as a maximum after consulting the 
literature where the average recommended strength was ,5 per 
cent. A strength greater than anjr recoimnended under normal 
spraying conditions was employed to determine if the wetting 
would take place at any higher strength or not. If wetting 
occurred at 1 per cent, a ,5 per cent solution was then tested* 
The solution was gradually diluted until no wetting action , 
or very little, was noted. The lowest dilution where any wet¬ 
ting occurred on mealybugs of the species employed seemed to be 
.25 per cent. 
A hand fly sprayer was employed to spray the solutions 
of wetting agents. There was, of course, a variation of pres¬ 
sure in the application of wetting agents, but the variation was 
the same for every wetting agent tested. If high pressures were 
used, this might be a major factor and one to be constant. The 
relatively low pressure being applied with this type of sprayer, 
causes the significance of pressure to rapidly decline. 
The temperature of the solution of wetting agent was 
kept constant at 24° C. Heating of the spray solution seemed to 
increase the wetting power of a spray as pointed out by Britton 
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(1933), Solutions with temperatures higher than 24° C. have 
a tendency to melt the wax, therefore producing inconsisten¬ 
cies in the results# 
Immediately after spraying the insects were placed 
under a binocular and observed# The time was recorded for the 
maximum spreading by means of the second hand of a watch# An 
average for the five insects was taken. 
The amount of spreading was estimated by observing 
the angle of contact the solution of wetting agents made with 
the dorsal surface of the insect’s body. No actual measure¬ 
ment of the angle was made but each angle was classified as 
small, medium and large. The reason this angle of contact may 
be used as an index of wetting has alrady been discussed un¬ 
der "Wetting Agents". In using this method any small amount 
of spread coul not be determined. 
After the above data was collected the wettings were 
classified as 1, 2, or 3, depending on the amount and speed of 
the spreading: 1. These wetting agents were the most effec¬ 
tive. Those thus classified had the property of spreading im¬ 
mediately over the body and having little or no angle of contact# 
It took only ten to fifteen seconds for maximum spreading to 
occur# 
2# These wetting agents were of intermediate ef- 
fectivenss. Spreading occurred more slowly than in group 1, 
taking 2 to 3 minutes and then was a small to medium angle of 
contact at the maximum spreading* 
3* These wetting agents were the least effec¬ 
tive. Little or no spreading was noted, a very large angle 
of contact being left at maximum spreading* 
Only the wetting agents falling into Class 1 were 
employed in further experiments. 
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Wetting Test Number II 
A second type of test was run in an attempt to 
check the results of the angle of contact method. This sec¬ 
ond method was a modification of the so-called Draves test 
which is often used by chemical firms to check the effectiveness 
of their wetting agents. Ordinarily, a 5 gram unboiled cotton 
skein is placed in a solution of a known strength and the sink¬ 
ing time is recorded. A 500 cc. cylinder is employed for the 
test and the time is recorded in seconds. 
In the modified test mealybugs were used instead of 
cotton. This was done in order that a correlation with the first 
type of test could be made. A wetting agent which might wet cot¬ 
ton would not necessarily react in the same manner to the mealybug. 
Three adult female mealybugs of the species Phenacoccus gossypii 
Towns, and Ckll. were used. Adults were employed here again be¬ 
cause of the ease with which they may be worked and because they 
were used in the first test. 
In order to speed up the testing procedure, 100 cc. 
vials were employed. A 1 per cent solution of each wetting agent 
was first tested. This solution was used as an arbitrary figure; 
it was chosen because, as in the first test, it was higher than 
any of the recommended strengths found in advertising literature 
of the companies. 
As in the first type of test, the temperature of the so¬ 
lution was again regulated at 24° C. in order to remove temperature 
as a factor. 
In no case did the mealybug sink to the bottom. 
Only in one or two cases did the insects sink below the sur¬ 
face. 
For results see Table III, 
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Discussion of Data of Preliminary Test 
These tests were conducted in an effort to find out 
which of the wetting agents obtained were the most efficient 
in wetting mealybugs. Of the two types of tests, only in the 
method whereby the angle of contact was measured, was any sig¬ 
nificant difference between the various wetting agents noted. 
Results of the sinking test were inconclusive. In 
a majority of the cases no sinking was noted. Even in the case 
of those wetting agents where sinking occurred to some extent, 
the time was from 2 to 48 hours. When time is the significant 
variant, it should be a measureable quantity. This did not seem 
to be the case in this test. For this reason the results of 
testing by this method neither correlated nor opposed results 
produced by measuring the angle of contact. 
Observing the data in Table I it is readily observed 
that of the wetting agents tested, 4 stood out as much more ef¬ 
ficient than the rest. These include, (1) Nekal NS which spread 
in 10 seconds, giving almost no angle of contact; (2) Penetrol, 
which spread in 8 seconds and gave a very small angle of contact; 
(3) Tergitol 7, which spread in 15 seconds, resulting again in a 
very small angle; (4) Triton X100 is the last of these outstanding 
wetting agents, wetting in 16 seconds and producing a very small 
angle. These four wetting agents were all classified in Group I, 
It was interesting to note that all 4 of the wetting agents 
classified as Number I were liquid concentrates. 
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Twelve of the wetting agents tested were classified 
in category II. These wetting agents usually wet in 1 or 2 
minutes and the angles of contact were from small to medium. 
One of these, Orvus Paste, was so close to being classified 
in Group I, that it was tested once again with this group* Only 
in the final test did this wetting agent fail to give results as 
good as those in Group I. 
The majority of wetting agents did not seem to possess 
any discernible ability to penetrate or spread over the waxy coat¬ 
ing of the mealybug* These were disregarded in the final tests* 
The wetting agents of Group I did not retain their effectiveness 
below *25 per cent, indicating that *5 per cent was approximately 
the lowest strength at which wetting readily occurred* 
There was no injury noted on tomato plants sprayed with 
1 per cent or .5 per cent solutions of the wetting agents in Group 
I* The solutions were applied with a hand spray, with a temperature 
of 82° F. and relative humidity of 64 per cent* 
See Table IV for a record of the temperature and humidity 
during the run of these tests. 
Summary 
(1) Only very few wetting agents appear to have any ap¬ 
preciable effect in wetting mealybugs. 
(2) The lowest percentage wnich appeared effective in 
wetting was .5 per cent. 
(3) No injury was noted on tomato from any of the wetting 
agents of Group I when applied at .5 per cent strength. 
Insecticidal Tests / 
Procedure of Insecticidal Tests 
Upon completion of the preliminary tests with wetting 
agents, a group of experiments was set up in order to determine 
an effective control program for mealybugs in greenhouses. As 
mentioned previously, four insecticides were selected to be 
tested, (l) DDT, (2) Chlordan, (3) Toxaphene, (4) Parathion. 
The four wetting agents of Group I - (l) Penetrol, (2) Triton 
X100, (3) Nekal NS and (4) Tergitol 7, were also employed in 
these experiments. 
Below is a list of the formulations employed: 
1. DDT 25 per cent water miscible emulsion 
2. DDT 50 per cent wettable po. der 
3. Toxaphene 25 per cent water miscible emulsion 
4. Chlordan 40 per cent emulsifiable concentrate 
5. Chlordan 40 per cent wettable powder 
6. Parathion 15 per cent wettable powder 
Wetting agents were added only to the wettable powders 
since emulsions already contain a wetting agent. 
In tests with emulsions strengths of 1 per cent, .5 per 
cent, .25 per cent and .125 per cent by volume were all tried. 
At 1 per cent,and above, injury to the tomato plant was noted, 
and at strengths below .25 per cent little or no control was ob¬ 
tained 
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Wettable powders were applied at a strength of .5 
per cent by weight. This percentage was selected because 
strengths above this had a tendency to clog the spray nozzle. 
Below this strength the effectiveness of the material was 
greatly lessened. The wetting agents were all used at .5 per 
cent by volume concentration because the preliminary tests 
showed this strength to be very effective an not injurious to 
the plant. 
The Parathion used was in the form of a 15 per cent 
wettable powder. It was used in this series of tests at the 
recoramended strength of 1 part to 5333 parts. 
In these tests three plantings of tomatoes were em¬ 
ployed. The first planting was sown April 3, the second plant¬ 
ing May 4, and the third planting July 16. Tomatoes of the 
first planting were infested April 20 and ready for spraying 
June 7. 
No plant was employed for testing purposes until there 
was an infestation of at least 100 insects including nymphs, ad¬ 
ults and egg masses. Many of the plants had a much larger infes¬ 
tation, Mixed cultures of Pseudococcus citri Risso and Phenacoccus 
gossypii Towns, and Ckll. were used. In cases where kill was less 
than 100 per cent species were noted. 
Tabulations were made of the adults, nymphs and egg masses 
of each plant before spraying. A second count was made immediately 
after spraying to determine the number washed off by the spray. 
Counts were made at intervals of 3 days, 10 days, 17 days, until all 
residual effects disappeared. 
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For each spray mixture 3 replicates were run. In 
many tests this would seem to he very few, but where so large 
a number of insects was being employed, it was felt that 3 rep¬ 
licates would be ample. 
All spraying was done in a greenhouse and the temper¬ 
ature and humidity were recorded continually during the tests. 
An isolation hut was constructed immediately outside 
the greenhouse to provide space for residual tests. It was 
found that in the greenhouse there was much reinfestation, es¬ 
pecially on new growth, making it difficult to determine the 
residual period. 
After the initial kills were noted, residual tests 
were run in an effort to determine the length of the effective¬ 
ness of each spray tested. Many of the residual tests ran over 
a six-week period, and during this time there was much new growth. 
It became necessary to mark the sprayed portion of the plant after 
a week’s time and introduce insects only on these treated areas. 
Residual tests were conducted until no residual effects were being 
noted on the sprayed portions of the plants. Residual tests were 
not conducted with every material tested, but only those v&iich ef¬ 
fectively eliminated the original infestation and were safe to 
the plant. Egg masses were introduced on the sprayed portion of 
each plant and observed. If the nymphs were killed upon hatching, 
the spray was considered to have retained its effectiveness. Only 
when no kill of these young nymphs was noted was the test completed 
For results of residual tests see Tables XI, XII, and 
XIII. 
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A spray gun attached to a compressor and powered 
by a l/4 horse power electric motor was used in applying 
the spray* The spray had an average temperature of 24° C. 
with a variation of 3° C. each way* The spray was applied 
at a pressure of 30 pounds with a variation of 2 pounds 
either way. The plants were thoroughly covered and all 
portions sprayed. Since mealybugs are gregarious insects, 
all portions of the plant must be sprayed or many insects 
may never come in contact with the insecticide. In spraying 
under practical conditions this must be borne in mind. 
The nozzle was held about a foot and a half from 
the plant* The spray was mist-like in nature. Each plant 
was sprayed individually* 
The spray was made up in one quart amounts and dis¬ 
carded at the completion of the test. The container and nozzle 
were washed thoroughly before and after each material was used. 
See Plate I. 
One test was conducted to observe any ovicidal ef¬ 
fect of the most promising sprays. In these tests two egg 
masses of Phenacoccus gossypii Towns, and Ckll. were used. 
One was sprayed and the other was not. After a five-day period 
both egg masses were opened up and eggs counted. These eggs 
were then kept in a moist chamber to keep them from drying out 
and the number of nymphs were counted as they hatched. 
For results see Tables XIV and XV. 
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Discussion of Data of Insecticidal Tests 
Twenty-six combinations were tested during these tests, 
(See Table X). Only five formulations of those tested proved to 
have any practical value in controlling the mealybug. The re¬ 
mainder either gave little control or were injurious to the host 
plant. 
Tests with 25 Per Cent DDT Emulsion 
Of the various strengths used ,25 per cent DDT emulsion 
proved to be the maximum concentration that could be used with 
safety to the plant, ,5 per cent and 1 per cent DDT emulsion 
seemed to give as good control of the mealybugs but in these ex¬ 
periments gave much injury to the host. At .125 per cent sufficient 
control was not obtained, while at .5 per cent there was danger of 
plant injury unless spraying conditions were almost perfect. 
DDT of the formulation employed was dissolved in Socony 
P D544C solvent. As an emulsifier, General Dyestuff Emulfor at 8 
per cent was used. 
All replicates of .25 per cent DDT emulsion gave complete 
control of the original infestation in 17 days. A 100 per cent kill 
of the adults was not accomplished at this strength. In replicate 
A, 38.1 per cent adults, 8 out of 21 of the adult insects present 
before spraying, survived the treatment. All of the surviving ad¬ 
ults had produced egg masses by the tenth day after spraying. Four 
of the surviving adult insects had deposited egg masses by the third 
day, and the remainder by ten days. The results of replicates B and 
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C were very similar to those of replicate A. Seven of the original 
18 adult insects or 38*9 per cent survived in replicate 0. In these 
replicates some of the adults had begun egg masses by 3 days and by 
10 days all adults had formed egg masses. In al the replicates no 
kill of the adults was noted after the initial kill. Nymphs were not 
observed to transform into adults after the spray was applied. 
While DDT emulsion at .25 per cent produced little ovicidal 
action, this strength seemd to maintain a residual effectiveness until 
the eggs hatched, killing the young nymphs as they hatched and caie in 
contact with the sprayed surfaces. In replicate A an original infestation 
of 7 egg masses increased to 11 at three days due to the surviving ad¬ 
ults forming egg masses soon after spraying. Gradually, as the egg 
masses hatched and the young nymphs were killed, the number of egg 
masses decreased to none at 17 days. Observations seemed to show most 
of the eggs hatched, and only after hatching, were the young nymphs 
killed. Replicates B, and C in this series had results similar to rep¬ 
licate A. In both of these replicates, as seen from Table V, there 
was an increase in the egg mass count at three days. In replicate B 
two egg masses were present at 17 days, but these had hatched at 19 
days. All egg masses of replicate C had hatched by 17 days. 
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In this connection, a test was run in an effort to determine 
what effect spraying an egg mass with .25 per cent DDT had upon the 
hatching of the egg masses. (See Table XI.) 280 or 86.1 per cent of 
325 eggs hatched from the treated egg mass. All the young nymphs had 
succumbed by 24 hours after spraying. In the unsprayed check 98.2 per 
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cent of 265 eggs hatched, and a majority lived. The results 
of this test seem to hear out the fact that the ovicidal action 
of .25 per cent DDT emulsion was very small. 
In this series, as in the remainder of the sprays 
tested, the action of the insecticide against nymphs gave the 
best index of the effectiveness of Sach spray formulation. This 
is due to the fact that nymphs appeared to he much more suscept¬ 
ible to insecticides than any other stage. In replicate A of 
.25 per cent DDT emulsion 237 nymphs originally infested the host 
plant. A count conducted immediately after spraying showed a de¬ 
crease of 10 nymphs. (See Table IV.) This decrease was caused 
primarily by the syringing action of the spray which washed off a 
small number at the time of spraying. By 3 days the largest re¬ 
duction of nymphs was noted. Ten nymphs remained, all of \7hich 
were last instar nymphs. At ten days all nymphs were dead. None 
of the n3mphs surviving at the 3 day count had reached the adult 
stage. This fact indicated that the nymphs probably received a 
lethal dose of the insecticide during the moulting process. Re¬ 
sults of replicates B and C follow the trend set in replicate A 
very closely, although a 100 per cent hill of nymphs had been at¬ 
tained by three days in both of the latter replicates. Here also, 
there was a slight reduction, due to syringing effect, immediately 
following spray. 
Residual tests were carried out with .25 per cent DDT 
emulsion. It was determined that this strength gave complete kill 
of the newly hatched nymphs for 35 days after spraying. At 36 
days two egg masses were introduced to the treated plants. 
Counts at 37 days revealed 20 nymphs present, which increased 
to 125 at 38 days. There was a decrease at 39 days to 52, 
implying that there was some residual effect left. Another 
egg mass was added at 40 days, and by 50 days 420 nymphs had 
emerged. All appeared normal with no evidence of being af¬ 
fected by the DDT. (See Table XII.} 
.125 per cent DDT emulsion (see Table IV) did not 
seem to give practical control of the mealybug. The average 
initial kill of adults for three replicates was 71.1 per cent. 
In replicate A 13 per cent of adults survived, 33 per cent of 
replicate B, 28.5 per cent of replicate C. After the initial 
kill there was still a decrease in the number of adults for a 
time due to the formation of egg masses by the gravid females. 
The original infestation of egg masses increased by 
the third day in every replicate of this series. There was a 
slight decrease at 10 days and 17 days. Only in replicate C 
did the egg masses continue to increase throughout the test. 
Here again the nymphal kill seemed to give the most 
complete index of the effectiveness of this strength. The aver¬ 
age initial kill of nymphs for the three replicates was 90.7 
per cent at 3 days. There was a slight decrease immediately 
after spraying caused by syringing action. Ifrom three days on 
there was a steady increase in counts of nymphs. 
Nymphs surviving the initial kill were usually last 
instar nymphs. There usually transformed into adults before 10 
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days. The nymphs appearing from 10 days on were newly hatched. 
It was noted that nymphs increased slowly for the number of egg 
masses hatched, indicating that many nymphs were killed upon 
hatching, However, survival was great enough for a substantial 
increase by 17 days, 
DDT emulsion at ,5 per cent gave very good control, but 
there seemed to be some danger of injury on tomato. Against a 
plant more resistant to spray injury, this strength might be more 
effective against the mealybugs and have longer residual periods. 
In this series the plant of replicate A died by the third day. At 
this strength the average initial kill at 3 days for adults was 
96.3 per cent, while there was an initial kill of 100 per cent for 
nymphs. All egg masses had hatched by 17 days with all newly hatched 
nymphs having been killed upon coming in contact with the treated 
plant. 
At 1 per cent there was much injury on the host plant. 
This strength proved to be much too strong for young tomato plants. 
The control effected by 1 per cent gave a 100 per cent kill of 
both adults and nymphs in 3 days in replicates B and G. Only in 
replicate A was there any survival of adults. These adults had 
been protected by a curled leaf. However the nymphs of this rep¬ 
licate were completely controlled in 3 days. Eggs were killed 17 
days after the application. 
The check plant, which was sprayed with water, showed a 
slight decrease in nymphs immediately after spraying due to syring¬ 
ing. Counts at 3, 10 and 17 days indicated a steady increase in 
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egg masses, nymphs and adults* 
o 
The temperature at the time of spraying was 76 F., 
while the relative humidity was 89 per cent* A relative hum¬ 
idity of 89 per cent at the time of spraying was a primary fac¬ 
tor in producing injury to the host when a .5 per cent and 1 per 
cent DDT emulsion was used. 
Results of Tests with 50 Per Cent DDT Wettable Powder 
Table Y gives results of tests carried out on 50 per 
cent DDT wettable powder. In general it may be said DDT in this 
form did not give as good control of mealybugs as did the emulsion. 
Initial kills were not as great and control of the original infes¬ 
tation in every case took 24 days. The period of residual action 
was not as long as in the case of DDT emulsion, being only around 
26 days. It can be concluded that the effective residual period 
lasted sufficiently long to control the primary infestation, but 
any reinfestation was little effected by the treatment. 
In this series of tests, .5 per cent DDT plus .5 per cent 
Nekal NS wetting agent, and the combination of .5 per cent DDT plus 
.5 per cent Penetrol wetting agnet, proved to be the most practical 
and effective of the different combinations t sted. 
.5 per cent DDT plus .5 per cent ITekal NS gave an average 
inital kill of 88.7 per cent of the adults for 3 replicates. The 
surviving adults all had formed egg masses by the 17th day after 
spraying in every replicate. In replicate C all had formed by the 
10th day 
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99.1 per cent of nymphs succumbed to the above treat¬ 
ment. Only in replicate A did any nymphs survive. These never 
reached the adult stage, giving evidence to the possibility that 
these were killed during the moulting process. In replicate C, 
3 nymphs were living at 3 days, indicating the residual action 
was fast wearing off. 
In all but replicate A of this combination, egg masses 
increased immediately after spraying, then decreased to zero by 
the 24th day. The results of replicate A might be explained by 
the fact that only 2 adults survived the treatment. 
For the residual test two egg masses left at 11 days 
were used. Hatching had begun at 23 days and 10 nymphs were 
counted at 26 days which increased to 482 insects at 29 days, 
showing little residual effectiveness left. 
DDT wettable powder at .5 per cent plus .5 per cent 
Penetrol gave an average initial kill of adult mealybugs of 83.6 
per cent. Results of replicate B showed no adults left by 10 days, 
while replicates A and C had adults until the 17th day. All ad¬ 
ults had formed eggs by the 10th day in replicate B, but in rep¬ 
licates A and C, 17 days were required. 
An average kill of 92.3 per cent was recorded for nymphs 
treated with the aforementioned formulations. A 100 per cent con¬ 
trol of nymphs was obtained in replicates A and B within 10 days 
while in replicate C complete control of the original infestation 
of nymphs took 17 days. No nymphs were observed to survive a moult 
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ing to form adults. It may be noted 3 nymphs were present at 
24 days on replicate C. These nymphs had reinfested this plant 
from the check plant and had become established on unsprayed new 
growth. 
In every replicate there was an increase of egg masses 
at 3 days, but complete control was obtained by 24 days. In rep¬ 
licate A the increase at 17 days over the count at 10 days was 
produced by the great number of egg masses being formed by adults 
after 10 days. The same situation occurred in replicates B and C 
at 10 days. 
The effective residual period for this formulation was 
25 days. At 26 days 22 nymphs were counted, which increased to a 
count of 504 nymphs at 29 days. 
Use of .5 per cent DDT plus .5 per cent Triton X100 
caused injury of such a severe nature that every test plant had died 
by the 10th fey after spraying. The relative humidity was 62 per 
cent while the temperature was 70° F. at the time of spraying. It 
would be highly improbable that atmospheric conditions such as these 
could be dangerous to spraying. The initial average kill of this 
formulation waa slightly greater than either of the two previous for¬ 
mulations of this series, being 89.1 per cent adults and 99.5 per cent 
of nymphs. 
Some injury was produced men .5 per cent DDT plus .5 per 
cent Tergitol was employed, but not as great as the injury caused by 
Triton X100. The average initial kill of adults for this formulation 
w*=s 88.8 per cent. The original infestation was completely controlled 
67 
by 17 days, except in replicate A where 10 days were needed, 96,3 
per cent of the nymphs had been killed by the inital treatment, and 
by 10 days nymphs had been completely controlled. By 24 days all 
egg masses had hatched. The period of residual effectiveness lasted 
26 days, 
DDT at .5 per cent with no wetting agents added did not 
give a control that would be of any practical use in greenhouses. 
An average kill of the adults was only 41.9 per cent while the initial 
kill for nymphs was 73,4 per cent. In replicates B and C all surviv¬ 
ing adults had formed egg masses by the 17th day. In replicate A, 
due to the great number of adults surviving and older nymphs, the 
adult population stayed very high, never reaching zero. This was 
the only replicate in this series which had nymphs transforming into 
adults. The reason for this may be found in the fact that the spray 
machine clogged and it was not noticed a mist was not covering the 
plant until the plant in replicate A had been sprayed. 
The check plant showed a steady increase in both egg masses 
and nymphs until the test was brought to a close. The only decrease 
in the nymphal count occurred at the time of spraying and was dne to 
the syringing effect of the spray. There was a slight decrease in the 
number of adults due to the rapid egg mass formation. 
DDT wettable powders plus wetting agents seemed to possess 
little effect in preventing hatching of egg masses. An egg mass 
sprayed with a .5 per cent DDT wettable powder plus .5 per cent Pene- 
trol had 86.7 per cent hatching while a check egg mass sprayed with 
water gave 97.2 per cent hatching. This showed a 10.5 per cent mor- 
tality of eggs before hatching* In a second test in which a *5 
per cent DDT plus .5 per cent Nekal formulation was used, 92,3 
per cent of the sprayed eggs hatched, while in the check, 98.4 
per cent hatched, showing a mortality of only 6.1 per cent before 
hatching. For results see Table DC. 
Tests with Parathion 
Parathion gave the quickest and most complete destruc¬ 
tion of mealybugs of all the formulations tested. This insectic¬ 
ide has within the past year become the answer to the problems of 
many greenhouse owners, who have in the past had to put up with 
these pests. 
In the tests conducted here the recommended strength of 
1 part in 5333 parts was employed. Three wetting agents, Penetrol, 
Nekal NS and Tergitol 7, at .5 per cent strength were added to Par¬ 
athion. In every test, except that test where Parathion was used 
without a wetting agent, a 100 per cent kill of nymphs and adults 
was attained in 3 days. After 10 days all egg masses of the orig¬ 
inal infestation had been controlled. 
There was little or no variation in the results when one 
of the above mentioned wetting agents was employed. There was a 
slight decrease in nymphs here, as in the previous tests with DDT, 
particularly due to syringing. Counts at 3 days in every replicat 
showed 100 per cent kill of adults and nymphs, as mentioned before. 
The egg masses steadily decreased from the time of spraying until 
the 10th day, when no surviving masses could be found. 
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Only in the test where Parathion at 1 to 5333 strength 
was employed without a wetting agent, was there any survival of 
the original infestation. Even in this test a 100 per cent kill 
of nymphs was accomplished by the third day. An average kill of 
85*3 per cent for three replicates ms registered against the ad¬ 
ults. These surviving adults formed egg masses by the 10th day 
and so delayed the hatching of young nymphs until the period of 
residual effectiveness had worn off, allowing a survival of the 
newly hatched nymphs in this test. 
The original infestation of the check continued to in¬ 
crease throughout the test, except for a decrease of nymphs and 
adults immediately after spraying, due to syringing action. 
In residual tests 2 egg masses were introduced to a 
treated plant at 10 days. The first hatching was noted at 13 days. 
A count made at 14 days revealed 30 nymphs. This number increased 
to 640 at 18 days. It can be deduced from this test that the per¬ 
iod of residual action was less than two weeks. This is some two 
weeks shorter than the effective period of DDT wettable powder or 
emulsion. (See Table XI.) 
Parathion shov/ed a much greater ovicidal action than 
either DDT wettable powder or emulsion. An egg mass sprayed with 
Paration 1 to 5333 plus .5 per cent Penetrol hatched only 29.4 per 
cent nymphs, while from a water sprayed check 97.1 per cent hatched. 
Tests on 40 per cent Chlordan Wettable Powder 
Chlordan in the form of wettable powder did not give a 
practical control of mealybugs in this test. This series of tests 
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included: (1) ,5 per cent Chlordan plus ,5 per cent Tergitol 7, 
(2) *5 per cent Chlordan plus .5 per cent Nekal NS, (3) .5 per 
cent Chlordan plus .5 per cent Triton X100, (4) .5 per cent Chlor¬ 
dan plus ,5 per cent Penetrol, (5) ,5 per cent Chlordan. Injury 
was noted with every formulation, although the greatest injury oc¬ 
curred with Triton X100. 
The average initial kill of adults for 3 replications in 
the formulation .5 per cent Chlordan 40 per cent wettable powder plus 
.5 per cent Tergitol 7 was 86.8 per cent. After this initial kill ad¬ 
ults started to increase, but at 17 days there was a slight decrease, 
due to a combination of factors which included the formation of egg 
masses and the small number of surviving nymphs. Only in replicate B 
there was a steady increase because of the large number of nymphs sur¬ 
viving the original treatment. There was an average initial kill of 
83 per cent of nymphs treated with this formulation. After the initial 
kill the population of nymphs gradually built up again. In general, 
egg masses continued to increase after the spraying. Since the original 
infestation was not controlled, no residual test was run on this formu¬ 
lation. This was also true of the remainder of the formulations in this 
series. 
It was with the formulation of .5 per cent Chlordan 40 per 
cent wettable powder plus Nekal NS that the greatest control was ob¬ 
tained. The formulation gave an initial average kill of 86.3 per cent 
of adults and 98.8 per cent of nymphs. In this test, as in the pre¬ 
vious one, after the initial kill there was a gradual build up of the 
populations, especially that of the nymphs* Due to the low percentage 
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of surviving nymphs, this trend did not hold for the adults where 
there was a gradual decrease of population. Egg masses, on the 
other hand, increased steadily. 
At .5 per cent Chlordan 40 per cent wet table powder plus 
•5 per cent Triton X100 showed an initial average kill of only 30.3 
per cent adults and 68.8 per cent nymphs. This was the lowest kill 
of any in this series. At 10 days there was a rather large drop in 
the adult population of replicate A which could not be accounted for. 
In both replicates B and C there was a gradual increase in the adult 
counts after the initial kill. In general, the counts in this formu¬ 
lation followed the course of the others in this series. 
At .5 per cent Chlordan 40 per cent wettable powder plus .5 
per cent Penetrol initial kills slightly higher than the Triton X100 
formulation were obtained. An initial kill of 49.3 per cent of adults 
and 56.4 per cent of nymphs was noted in a treatment with this formu¬ 
lation. There was a steady increase of both nymphs and adults after 
the 3 day count until the test was ended. 
At .5 per cent Chlordan with no wetting agent gave a kill 
little better than the water sprayed check. Most of the decrease in 
population was due to the syringing effect. There was a kill of 3 
out of the original 26 adults end 17 nymphs of the 81 original nymphs 
in 3 days. The check showed a decrease only at the time of spraying 
due to the syringing effect. 
Since these tests seemed to indicate conclusively that no 
formulation in this series held any great promise, no further tests 
ere made. 
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In this series of tests, and the two series that follow, 
surviving insects were mixtures of both Phenacoccus gossypii Towns, 
and Ckll. and Pseudococcus citri Risso. (See Table VII.) 
Tests with 40 Per Cent Chlordan Emulsifiable 
The results of this series of tests indicated clearly that 
Chlordan in this form gav© almost no control of the mealybug. In some 
of the tests there was an actual increase of the population after 
spraying. 
At .125 per cent Chlordan emulsion gave a mortality of 15.8 
per cent of the adults and 31.8 per cent of the nymphs during the av¬ 
erage initial kill. Following this initial kill there was a steady 
increase in counts conducted at 10 and 17 days. 
The average initial kill for the three replicates of .25 
per cent Chlordan emulsion was only 12.2 per cent of nymphs. There 
was an increase in the number of adults of 7.7 per cent at counts 
conducted at 3 days. This increase was due to the large number of 
surviving nymphs which were ready to transform into adults. In only 
replicate B was there a slight decrease in adults. 
The best results of this series occurred at .5 per cent 
emulsion where 73.9 per cent of adults were killed, and 56.8 per 
cent of nymphs. The only explanation of this high kill of adults 
is that the adults were so situated oh the plant as to receive a 
very heavy drenching of spray. After this initial kill the popula¬ 
tion grew steadily in all replicates. Some injury was noted at 
this strength. 
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At 1 per cent initial kills of 41,7 per cent of adults 
and 59.3 per cent of nymphs were noted. After this inital kill, 
as in all preceding tests in this series, the population increased 
until the test was completed. Much injury was noted at this strength. 
The check of this series showed no unusual results. After 
the slight decrease immediately following the sprasdng the population 
grew steadily. '(See Table XIII.) 
Test on Toxaphene 25 Per Cent Water Miscible Emulsion 
This insecticide gave very high initial kill but seemed to 
have little residual effect. Some injury to the plant was noted at 
the higher strengths tested. 
At .125 per cent strength Toxaphene, the initial average 
kill for 3 replicates was 90.3 per cent adults and 94.9 per cent 
nymphs. Even with this high initial kill it will be noted from Table 
XV that there was a decided increase of population at 10 days, in¬ 
creasing still more at 17 days. In general, the adult population ap¬ 
peared to decrease, but this is due primarily to the low percentage of 
surviving nymphs. 
Results of the test run at .25 per cent Toxaphene seemed to 
follow the trend set at .125 per cent strength. The average initial 
kill was 88.7 per cent of adults and 88.4 per cent of nymphs. After 
the initial kill the population again built up. 
.5 per cent gave very high initial kills averaging 91.3 per 
cent adults and 95.2 per cent nymphs. The population began to increase 
soon after spraying. The plant in replicate B died of spray injury which 
was prevalent at this strength. 
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1 per cent emulsion gave an initial kill of 100 per cent 
of the nymphs and 99.8 per cent of the adults in three replicates. 
Even with this high mortality at 10 days the population began to 
build up once again. Much injury was noted at this strength. 
The check plant built up a normal population, as was ex¬ 
pected. (See Table IX.) 
Injury 
A. Injury with DDT Emulsion 
In this series of tests injury was most prominent at the 
1 per cent strength emulsion. Some injury occurred at .5 per cent 
also. No injury was noted at the .25 per cent or .125 per cent. 
It will be noted that at the time of spraying the relative 
humidity was rather high - 89 per cent. This high humidity would tend 
to increase injury rather than alleviate it, by preventing the speedy 
evaporation of the oil in the emulsion. 
At 24 hours after spraying, necrotic areas appeared on leaf 
surfaces of the plants sprayed with 1 per cent DDT emulsion. On leaves 
where the injury was the greatest, wilting soon became evident, finally 
culminating in the death of the leaf at 4 days. The growing tips did 
not seem to be injured sufficiently to retard their growth, and at 2 
weeks only this growing tip and the bare leaf stalk remained. 
The injury at .5 per cent was not as great as that sustained 
at 1 per cent. Many of the old leaves continued to live along with 
the growing tip. On some leaves large necrotic areas appeared, which 
reduced the efficiency of the leaves greatly. It will be noted from 
this data in Table V that the plant of replicate A, sprayed with .5 
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per cent emulsion, died. This was due to a combination of factors. 
In the first place, the plant was small and stunted; secondly, a 
rather heavy infestation of mealybugs was present in proportion to 
the size of the plant. Lastly, the plant received a heavy spraying 
which did not evaporate. The combination of these 3 factors so re¬ 
tarded growth that the plant died within three days after spraying, 
B, Injury on plants sprayed with DDT wettable powder plus wetting 
agents. 
In this series of tests the greatest injury occurred with 
•5 per cent DDT wettable powder plus Triton X100. Some injury was 
incurred when Tergitol 7 was employed, while no injury was noted mth 
either Penetrol or Nekal. 
It should be mentioned at this point that no injury appeared 
on plants sprayed with the wetting agents at ,5 per cent alone. The 
o 
temperature was 78 F., while humidity was 56 per cent, and the day 
sunny. 
Every replicate of the plants sprayed with ,5 per cent DDT 
wettable powder plus Triton X100 at ,5 per cent had died by the 17th 
day of the test. Soon after spraying the leaves had become thoroughly 
speckled with necrotic areas. By the 4th day after spraying, all the 
older leaves had fallen and the main growing tip seemed severely in¬ 
jured also. At one i^eek, adventitious buds had sprouted, but by the 
17th day these had succumbed. 
Slight injury was noted in plants sprayed with .5 per cent 
DDT wettable powder plus Tergitol 7 at ,5 per cent. Small necrotic 
areas appeared on the older leaves but the growing tip seemed unharmed. 
The plants had recovered by 7 days and continued to grow. 
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The temperature was 72° F. and relative humidity 62 
per cent at the time of spraying. This humidity was slightly 
higher than it should have been for the quickest evaporation 
of the spray. 
G. Injury on Parathion-sprayed plants. 
Temperature and humidity were the primary factors in 
determining injury on plants sprayed with Parathion. In one 
test where Parathion was employed at the strengths of: (1) 1 
to 5333, (2) 1 to 2666, (3) 1 to 1777, injury occurred on all 
plant-s. The plants were sprayed under very adverse spraying con¬ 
ditions, The temperature was 80° F., and relative humidity was 
76 per cent. All plants had incurred such a great amount of in¬ 
jury that no counts could be made, and the test was not included 
in this work. 
The entire leaf seemed to be affected, apparent necro¬ 
tic areas appearing on the leaf first. Leaves were noted to dry 
out and curl up - a condition similar to leaves lacking sufficient 
water. The growing tip was not affected, but injury on the lower 
leaves was apparent. The plant had sufficient water at all times. 
In a second test conducted with Parathion at 1 to 5333, where the 
temperature was 78° F. and relative humidity 49 per cent, no in¬ 
jury was noted in any replicate. (See Plate VII for examples of 
this injury.) 
D. Injury by Chlordan 40 per cent wettable plus wetting agents. 
Injury occurred on every plant in this series of tests, 
even with Pentrol and Nekal. The leaves became speckled with pin- 
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point dead areas. Eventually the leaves became yellow and died. 
The growing tip seemed to be harmed and growth retarded. Injury 
with Triton was the most serious. Chlordan alone gave the same 
type of injury, being less severe than in those tests where a wet¬ 
ting agent was used. The temperature was 70° F. and relative hu¬ 
midity 72 per cent at the time of spraying. This high relative 
humidity undoubtedly increased the injury by preventing a speedy 
evaporation. (See Plates YI and VII.) 
E. Injury inflicted by Chlordan emulsion 
Only slight injury was noted in this series of tests, 
that occuring on the plants sprayed with a 1 per cent emulsion. 
The temperature was 78° F. and relative humidity 42 per cent, which 
would induce quick drying, giving little opportunity for injury from 
the oils of the emulsion. 
F. Injury from Toxaphene emulsion. 
Injury occurred only on those plants sprayed with 1 per 
cent emulsion. The temperature and humidity, here again, were ex¬ 
cellent for spraying; therefore, probably aiding in decreasing the 
injury. The temperature was 70° F. and relative humidity only 56 
per cent. 
It should be emphasized that in all tests, tomato plants 
were employed. In many cases, if more resistant plants were used, 
injury would have been much less, and higher strengths could have 
been used. For a normal healthy plant see Plate V. PlateV shows 
plant injury from mealybugs alone. 
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Summary 
1# Parathion at 1 to 5333 strength plus a wetting agent, gave an 
initial kill of 100 per cent of nymphs and adults, and had an af¬ 
fective residual period of 9-10 days* Parathion killed 71*6 per 
cent of the eggs* 
2. DDT emulsion at .25 per cent appeared to be the most effective 
strength for control* In these tests .125 per cent DDT emulsion 
did not give control, while .5 per cent DDT gave injury to tomato 
plants. An effective residual period of 35 days was noted in these 
tests, but only 13.9 per cent of the eggs were killed. 
3. DDT wettable powder at .5 per cent plus Penetrol or Nekal NS 
at .5 per cent was somewhat less effective than the DDT emulsion at 
.25 per cent, having a residual period of 26 days, and giving only 
a 13.3 per cent kill of the eggs. 
4. The remainder of formulations tested showed little or no control 
of the two greenhouse mealybugs used in these tests. These include: 
(a) Chlordan wettable powder at .5 per cent plus .5 per cent 
Triton X100, Nekal NS, Tergitol 7, or Penetrol. 
(b) Chlordan emulsion at 1 per cent, .5 per cent, .25 per cent, 
or .125 per cent. 
(c) Toxaphene at 1 per cent, .5 per cent, .25 per cent, .125 
per cent strengths. Toxaphene appeared to give high initial kills, 
but failed to have a residual effectiveness necessary to control the 
original infestation. 
5. In several of the formulations, injury was noted. These include: 
(a) DDT emulsion at 1 per cent and .5 per cent. 
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(b) Parathion - when sprayed under adverse spraying conditions* 
(c) DDT wettable powder at *5 per cent plus Triton or Tergitol. 
(d) Chlordan wettable powder at .5 per cent with all wetting 
agents* 
(e) Chlordan emulsion at 1 per cent* 
(f) Toxaphene emulsion at 1 per cent* 
6* 100 per cent mortality of the eggs was attained only at the time 
of hatching* 
7* Wetting agents of category I appeared, in all cases, to increase 
the effectiveness of wettable powders in controlling the greenhouse 
mealybugs Pseudocoecus citri Risso, end Phenacoccus gossypii Towns, 
and Ckll* 
Conclusions 
1* Care should be taken when spraying with Parathion, that the tem¬ 
perature and relative humidity are low. If these precautions are 
used, this insecticide is very effective and safe to use. Ho injury 
was noted when the temperature was 79o F. and the relative humidity 
49 per cent* When these precautions were followed Parathion at 1 to 
5333 plus a wetting agent gave the most efficient control of the 
greenhouse mealybugs P. citri Risso and P* gossypii Towns, and Ckll. 
2. DDT emulsion at .25 per cent can give 100 per cent control of - 
an initial infestation within 17 days, even though the initial kill 
is not 100 per cent of the mealybugs. The young nymphs are killed 
as they hatch and the older nymphs are killed during the moulting 
process * 
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3* DDT wet table powder at .5 per cent plus a wetting agent 
was fairly effective, but did not give as good results as *25 
per cent DDT emulsion. 
4* The wetting agents of Group I, including: Triton X100, 
Nekal ilS, Penetrol and Tergitol 7, all increase the effectiveness 
of wettable powders. Only Triton X100 with DDT proved to be dan¬ 
gerous to tomato plants. Some slight injury occurred when Ter¬ 
gitol 7 was used* 
5* Since no tests were carried out in commereial greenhouses 
the conclusions reached herein can be expected only when the in¬ 
secticide formulations are employed under conditions similar to 
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A List of the Wetting Agents Tested 
64 Wetting Agents, 22 Companies 
50 Companies Contacted 
Company: Airose Chemical 




3. Alrosol C 
4. Alrosol o 
5. Nonisol 100 
6. Nonisol 300 
7. Nonisol 200 
8. Rinsynol 50L 
9. Sorbit AC 
Company 
, Providence, R.I. 
Chemical Nature: 
Quaternary ammonium 






Alkyl aryl sulfonate 
Alkyl aryl sulfonate 
Company: Atlantic Refining Company 
Address: 230 South Broad St,, Philadelphia, Pa. 
Product: Chemical nature: 
1. Ultrawet 30E Poly alkylated benzene sulfonate 





Atlas Powder Company 
Wilmington, Delaware 
Chemical Nature: 
Technical Mannitan Monolaurate 
Company: Carbide and Carbon Chemicals Corp. 
Address: East 42nd St.. New York 17, N.Y. 
Product: 
1. Tergitol Wetting Agent 7 
2. Tergitol Wetting Agent 4 
3. Tergitol Wetting Agent 08 
Company: Ciba Company, Inc. 
Address: Greenwich and Morton 
Product: 
1. Solvadine A1 
2. Solvadine B1 
3* Solvadine G 
4. Solvadine NC 
5. Solvadine R 
Chemical Nature: 
Sodium salts of alkyl aryl 
sulfonate 
St., New York, N.Y. 
Chemical Nature: 
Sodium Salt of an alkyl 
naphthalene sulfonic acid. 
Sodium salt of alkyl aryl 
sulfonate 










Colgate Palmolive-Peet Company 
105 Hudson Street, Jersey City, N.J. 
Chemical Nature: 
Syntex A Powder Sulphated fatty ester 
Syntex M Beads Sodium salts of sulfated 
fatty ester 
Syntex T Powder Sulfated fatty amide 
Company: Monsanto Chemical Company 
Address: 1700 South Second St., St. Louis, Mo. 
Product: Chemical Nature: 
1* Areskap 100 Monobutyl phenylphenol sodium 
monosulfonate 
2. Aresket 300 Monobutyl biphenyl sodium 
monosulfonate 
3* Aresklene 400 Dibutyl phenylphenol sodium 
disulfonate 
4. Santomerse D Alkyl aryl sulfonate 
5* Santomerse 1 Alkyl aryl sulfonate 
6. Santomerse 3 Alkyl aryl sulfonate 
Company: National Aniline Division, Allied Chemical and 
Dye Corp. 
Address: New York 6, N.Y. 
Product: Chemical Nature: 
1. Nacconal NR Flakes 
2. Nacconal SW Powder 
Company: Nyanza Color and Chemical Co. 
Address: 215 Water St., New York 7, N.Y. 
Products: Chemical Nature: 
1. Immersol Tex Powder 
Company: Procter and Gamble 
Address: Cincinnati, Ohio 
Products: Chemical Nature: 
1. Orvus WA Paste 
Company: Rohm and Haas Co 
Address: Washington Sq., 
Products: 
1. Tamol N 
2. Triton X45 
3. Triton X100 
4. Triton X120 
5. Triton X155 
6. Triton X166 
7. Triton XB1956 
Philadelphia Pa. 
Chemical Nature: 
Sodium salts of a condensed 
organic acid 
Alkyl aryl polyethoxy ethanol 
Alkyl aryl polyethoxy alcohol 
Alkylated aryl polyether alcohol 
Alkyl phenoxy polyethoxy ethanol 
Modified phthalic glycerol 
alkyd resin 
Company: Sherwin Williams Co. 
Address: 101 Prospect Avenue, Cleveland, Ohio 
Products: Chemical Nature: 
1. Spredrite 
2. Spralastic 
Company: Synthetic Chemicals, Inc. 
Address: 335 Boulevard, Paterson, N.J. 
Products: Chemical Nature: 
1. Intramine Y 
2. Mulsor 3CW 
3. Tensol Reg. 
4. Tensol 5Z 
Company: Colloidal Products Corp. 
Address: 259# Taylor St., San Francisco, California 
Products: Chemical Nature: 
1. Fluxit 
2. Z1 
Company: E.I. Dupont 
Address: 1007 Market 
Products: 
1. Duponal WA Paste 
2. T 2507-MP-189-S 
deNemours and Company 
St., Wilmington 93, Delaware 
Chemical Nature: 
Sodium lauryl sulfate 
Petroleum sulphonate 
Company: General Chemical Co. 
Address: 40 Rector St., New York, N.Y. 
Products: Chemical Natur e: 
1. Filmfast 
Company: General Dyestuff Corp. 
Address: 434 Hudson St., New York 14, N.Y. 
Products: Chemical Nature: 
1. Cyclopon GA Extra 
2. Igepon AP Extra Oleic acid ester of a certain 
aliphatic compound. 
3. Igepon T Powder 
4. Igepol CTA Extra 
5. Nekal NS Sodium sulfonate of an organic 
ester 
Company: Glyco Products Co., Inc. 
Address: 230 King St., Brooklyn, N.Y. 
Products: Chemical Nature: 
1. Emulgor A 
2. Glycox 1300 
3. Glycox 1400 
Company: Jacques Wolf and Company 
Address: Passaic, N.J. 
Products: Chemical Nature: 
1. Sellogen AS Cone. 
2. Wetsit W 1086 M 
Company: Kay Pries Chemical Co., Inc. 
Address: 180 Madison Avenue, New York, N.Y. 
Products: Chemical Nature: 
1. Penetrol Sulfonated oxidation product 
of petroleum 
Company: Michel and Company, Inc. 
Address: 90 Broad St., New York 4, N.Y. 
Products: Chemical Nature: 
1. D.C.A. 
Company: R.T. Vanderbilt Co. 
Address: 230 Park Avenue, New York, N.Y. 
Products: Chemical Nature: 
1. Darvan 1 
2. Veegum 
Table II 
Results of Preliminary Tests with Wetting Agents 
Wetting Agent Time to Spread Angle of Classifi 
Contact cation 
1% l£ 
Alrosept 4 min. - — L. m, — 3 
Alrosol 4 min. - - L. - ~ 3 
Alrosol C 4 min. - - L. - - 3 
Alrosol 0 4 min. - — L. - - 3 
Areskap 100 4 min. - - L. - - 3 
Aresket 300 2 min. 4 min. - M. L. - 2 
Aresklene 400 10 min. - - L. - - 3 
Artie Syntex A 2 min. 2 min. - M. L. - 2 
Artie Syntex T 8 min. - - L. - - 3 
Artie Syntex M 6 min. - - L. — MM 3 
Cyclopon GrA Extra 4 min. - - L. - - 3 
Darvan 1 3 min. - - L. - 3 
D • C • A* 2% min. - - L. - 3 
Duponol WA Paste 5 min. - mm L. mm m 3 
Emulgor A 3 min. - - L. - - 3 
Filmfast 6 min. - - L. - - 3 
Fluxit 4 min. - - L. - 3 
Glycox 1300 2 min. 2 min. - S. L. - 2 
Glycox 1400 2 min. mm - M. mm mm 3 
Igepon T 2\ min. MM - L. - - 3 
Igepon CTA 3 min. MM - M. - - 3 
Igepon AP Extra 3 min. mm - M. - - 3 
limnersal Tex Powder 6 min. mm MM L. - 3 
Intramene Y 3 min. - - L. - - 3 
Mulsor 3cw 5 min. - - L. - 3 
Nacconol NR 8 min. - - L. - 3 
Nacconol SW 8 min. MM - L. - 3 
Nekal NS 10 sec. 14 sec .14 S. s. s. 1 
NN0 4 min. - - L. - 3 
Nonisol 100 2 min. - - L. - 3 
Nonisol 200 2i min. - - L. - 3 
Nonisol 300 3i min. MM - M. - - 3 
Orvus WA Paste 1 min. 2 min. - S. L. - 2 
Penetrol 8 sec. 8 sec. lmin .S. S. M. 1 
Rinsynol 5E 2£ min. - - M. — - 3 
Santornerse D 43 sec. 3 min. - M. L. •“ 2 
Santomerse 3 10 min. - - L. — — 3 
Santomerse 1 2 min. 6 min. - M. L. - 2 
Sellogen AS 3 min. - - L. — — 3 
Solvadine Al 6 min. - - L • — *• 3 
Wetting Agent Time to Spread Angle of Classifi- 
Contaot oation 
is n i* 
Solvadine B1 4 min. L. 3 
Solvadine G 4 min. - - L. - 3 
Solvadine NC 5 min. - - L. - 3 
Solvadine R 4 min. - - L. - 3 
Sorbit AC 8 min. - - L. - 3 
Spralastic 2 min. - - L. - - 3 
Spredrite 24 min. - - L. «■ mm 3 
Tamol N 6 min. - - L. mm mm 3 
Tenaol reg. min. - - M. - 3 
Tensol 5X 1$ min. 1 min. mm M. M. - 2 
T 2507-MP-189-S 34 min. - - L. - 3 
Tergitol 08 1 min. 2 min. - M. M. - 2 
Tergitol 4 14 min. 2 3Am. - M. M. - 2 
Tergitol 7 16 seo. llseo. lim. S. S. L. 1 
Triton X100 15 sec. 20seo. 1 m. S. S. M. 1 
Triton X120 2 min. - m L. - 3 
Triton Xl66 24 min. - - L. - 3 
Triton X155 3| min. - - L. - 3 
Triton X45 6 min. - - L. - 3 
Triton X B 1956 4 min. - - L. - 3 
Ultrawet E 45 seo. 1 min. - M. L. - 2 
Ultrawet 30E 45 seo. 1 min. - M. L. - 2 
Veegum 4 min. mm - L. - 3 
Water (Cheok) 30 min. - - L. - - 3 
Wetsit W 1086M i4 min. 6 rain. - M. L. - 2 
Z1 6 min. mm - L. mm mm 3 
S — Small angle of contact 
M — Medium angle of oontaot 
L — Large angle of oontaot 
Table III 
Results of Preliminary Test With Wetting Agents 




Alrosept NS* — 
Alrosol NS - 
Alrosol C NS — - 
Alrosol 0 NS — - 
Areskap 100 NS - - 
Aresket 300 NS - - 
Alresklene 400 NS - - 
Arctic Syntex A 2 hr. - - 
Arctic Syntex T •NS - - 
Arctic Syntex M NS - - 
Clyclopon GA Extra NS - - 
Darvan 1 NS - - 
D • C • A* NS - - 
Duponol WA Paste NS - - 
Elmulgar A NS - - 
Filmfast NS - - 
Fluxit NS - - 
Glycox 1300 NS - - 
Glycox 1400 NS - - 
Igepon T NS - - 
Igepon CTA NS - - 
Igepon AP Extra NS - 
Tmmersol Tex Powder 2 hr. - - 
Intramine Y NS - - 
Mulsor 3cw NS - - 
Nacconol NR NS - 
Nacconol SW NS - - 
Nekal NS 4& hrs. - - 
NN0 NS - mm 
Nonisol 100 NS - Mi 
Nonisol 200 24 hr. mm mm 
Nonisol 300 NS - mm 
Orvus WA Paste NS mm 
Penetrol 24 hr. - mm 
Rinsynol 5E NS - - 
Santomerse D NS - - 
Santomerse 3 NS - - 
Santomerse 1 NS CM — 
Sellogen AS NS mm — 




Solvadine A1 NS 
Solvadine B1 NS — mm 
Solvadine G- NS — m. 
Solvadine NS NS - — 
Solvadine R NS - - 
Sorbit AC NS - - 
Spralastic NS - - 
Spredrite NS - - 
Tamol N NS - - 
Tensol reg. NS - - 
Tensol 5Z NS - - 
T-2507-MP-189-S NS - - 
Tergitol OS NS - 
Tergitol 4 NS - - 
Tergitol 7 NS - - 
Triton X100 NS - - 
Triton X120 NS - - 
Triton X166 NS - - 
Triton XI55 NS - 
Triton X45 NS - mm 
Triton B1956 NS mm - 
Ultrawet E 24 hr. - mm 
Ultrawet 30E NS - - 
Veegum NS - - 
Water (Check) NS - - 
Wetsit W 10S6M NS - - 
Z1 NS AM - 
* - No sinking noted 
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Table X 
Comparative Results of all Formulation Tested 
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Table XII 
Comparative Results of the Residual Action 
of the most Promising Formulation 
Plants sprayed with Parathion 1/5333 4- Penetrol .5% 
Spraying 
Conditions 
Days after No, of egg 
Spraying masses added 
Hatching 
Date 
No, of Living 
Nymphs 
Aug, 29, *43 10 2 Hatching 0 
Temp. 79° 13 0 




Plants sprayed with DDT 50% Wettable 4- Nekal NS 
Spraying Days after No. of egg Hatching No. of Living 
Conditions Spraying masses added Date Nymphs 
Aug. 6, t43 17 2 Hatching 0 
Temp. 10° C, 23 0 





Plants sprayed with DDT 50% Wettable 4- Penetrol at ,5% 
Spraying Days after No, of egg Hatching No. of Living 
Conditions Spraying masses added Date Nymphs 
Aug. 6, ’48 17 2 0 
Temp. 19° C. 23 0 
R.H. 62% 24 0 





Plants sprayed with DDT Emulsion *25% 
Spraying Days after No. of egg Hat ching No. of Living 
Conditions Spraying masses added Date Nymphs 
Aug. 31, 148 24 2 0 0 
Temp* 800 31 Hat ching 0 
R*H. 48% 32 2 0 
36 Hatching 0 
37 20 
38 125 
40 1 52 
46 Hatching 
47 120 
48 230 
50 420 

